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A  BIOLOGICAL   SURVEY    OF    THE   WATERS   OF 
WOODS   HOLE  AND  VICINITY. 

j»  ■ 

Section  I.— PHYSICAL  AND  ZOOLOGICAL. 

By  FRANCIS  B.  SUMNER,  RAYMOND  C.  OSBURN,  and  LEON  J.  COLE. 


Chapter  I.— INTRODUCTION. 

One  of  the  necessary  conditions  for  the  intelligent  understanding  <rf  a  nation's 
population,  its  resources  and  its  needs,  is  the  taking  of  an  adequate  census.  So  also 
we  can  have  no  proper  appreciation  of  the  resources  of  the  sea,  and  of  the  means  by 
which  we  may  develop  and  conserve  them  without  first  making  an  accurate  inventory 
of  its  inhabitants.  This  view  was  stated  quite  explicitly  by  Baird  (1S73,  p.  xm)  in 
his  first  report  as  Commissioner  of  Fish  and  Fisheries,  and  has  been  the  assumption 
upon  which  much  of  the  scientific  work  of  the  United  States  Fish  Commission  has  been 
based.  Accordingly  it  was  appropriate  that  the  first  annual  report  of  the  commission 
^ould  contain  not  only  a  Catalogue  of  the  Fishes  of  the  East  Coast  oi  North  America, 
so  far  as  then  known,  but  an  extended  report  upon  the  invertebrate  animals  of  one 
important  section  of  the  coast,  and  a  list  of  the  marine  algx  inhabiting  this  same  region. 

The  preparation  of  these  detailed  lists  of  the  animals  and  plants  occupying  regions 
of  greater  or  less  extent  has  long  been  the  favorite  occupation  of  a  certain  class  of  natu- 
ralists. Such  lists  abound  in  the  annals  of  botany  and  zoology.  It  is  only  thus,  indeed, 
that  we  have  learned  how  our  planet  is  populated.  The  cumulative  labors,  first  of 
individuals,  then  of  scientific  organizations  and  of  govertmients,  have  given  us  the  data 
ftx)m  which  to  formulate  the  laws  of  geographical  distribution.  In  the  begirming  we 
have  the  bare  facts  of  occurrence;  then  correlations  are  established  between  given  con- 
ditions of  environment  and  the  presence  of  given  species  or  varieties;  finally  we  are 
brought  within  striking  distance  of  the  great  central  problem  of  the  origin  of  the  species. 

So  much  for  the  scientific  aspect  of  the  case.  On  the  practical  side,  fauiustic  and 
floristic  studies  need  offer  no  apology  for  their  existence.  They  have,  indeed,  formed 
a  part  of  the  established  policy  of  our  Government  for  many  years.  The  Department 
of  Agriculture  has  long  maintained  a  biological  survey  of  the  land  animals  and  plants 
d  this  continent,  while  our  Bureau  of  Fisheries,  following  the  example  of  its  illustrious 
founder,  has  slowly  but  steadily  been  conducting  a  census  of  the  inhabitants  of  our  seas 
and  lakes.  Truly,  these  creatures  are  not  all  fit  for  food,  nor  indeed  for  any  commercial 
purpose  whatever — though  we  must  add  that  there  are  probably  many  more  animals 
and  plants  of  economic  value  than  we  now  realize.  But  the  life  of  the  earth  is  an  inter- 
related whole.     One  species  stands  in  relation  to  another  as  its  enemy,  prey,  food. 
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parasite,  host,  messmate,  or  the  like,  and  intimate  chemical  relations  may  exist,  as  we 
find  to  obtain  between  the  animal  kingdom  and  the  plant  kingdom,  as  a  whole.  More- 
over, as  we  now  view  the  case,  all  these  multitudinous  living  creatures  are,  so  to  speak, 
related  by  "blood."  The  knowledge  which  we  gain  from  one  is  commonly  applicable 
to  its  nearer  relatives  and  frequently  to  a  long  series  of  other  fonns.  Hence  the  futility 
of  endeavoring,  even  on  economic  grounds,  to  restrict  our  investigations  to  food  fishes 
or  other  animals  of  obvious  commercial  importance.  What  we  learn  from  the  study 
of  a  minnow  is,  in  the  great  majority  of  cases,  quite  as  applicable  to  a  mackerel  or  a  cod. 
But  the  minnow  is  easier  to  obtain  and  easier  to  manipulate.  Thus  it  is  that  we  find 
a  staff  of  experts,  under  Government  employ,  devoting  themselves,  in  many  cases,  to 
the  study  of  obscure  and  apparently  insignificant  forms  of  life. 

A  full  account  of  zoological  explorations  in  the  coastal  waters  of  New  England 
would  occupy  a  volume  of  considerable  size.  As  pioneers  in  this  work  stand  forth  the 
names  of  Gould,  C.  B.  Adams,  Couthouy,  Desor,  Girard,  and  Storer;  of  Ayres,  Stimpson, 
Mighels,  Leidy,  and  Louis  Agassiz.  A  later  period  was  inaugurated  by  the  establish- 
ment of  the  United  States  Fish  Commission  in  1871,  and  the  commencement  of  the 
mportant  dredging  explorations  of  Verrill  and  his  colleagues.  Beginning  with  the 
shallower  waters  of  the  bays  and  sounds  of  New  England,  these  naturalists  extended 
their  observations  to  the  broad  continental  shelf,  and  finally  to  the  depths  of  the  ocean 
beyond.  The  construction  by  the  United  States  Fish  Commission  of  the  steamer  Fish 
■  Hawk  in  1879  and  of  the  Albatross  in  1882  gave  great  impetus  to  the  exploration  of  the 
deeper  waters  off  the  North  American  coast;  although  work  of  the  first  importance  in 
this  field  had  already  been  done  by  Pourtales  and  by  L.  and  A.  Agassiz  with  the  Coast 
Survey  steamers  Corwin,  Bibb,  Hassler,  and  Blake,  and  by  Verrill  himself  with  various 
Government  vessels  detailed  for  the  service  of  the  Fish  Commission. 

Many  years  ago,  Woods  Hole  was  selected  by  Prof.  Baird  as  the  most  promising 
spot  upon  our  coast  for  the  commencement  of  a  scientific  study  of  fisheries  problems. 
From  the  very  outset  he  gathered  about  him  a  staff  of  naturalists  of  the  type  that  was 
dominant  in  that  generation — men  eager  to  seek  out  every  living  thing  concealed  be- 
neath the  waves,  to  describe  and  figure  and  name.  Foremost  among  these  was  Addison 
Verrill,  who,  with  his  colleague  Sidney  Smith  and  some  others,  was  for  many  years 
active  in  exploiting  the  marine  fauna  of  New  England. 

In  spite  of  the  previous  observations  of  Desor  and  Adams  and  Gould  and  Stimpson, 
and  the  elder  and  younger  Agas^z,  who  had  already  made  essays  into  the  waters  of 
southern  Massachusetts,  Verrill  and  Smith  found  in  Vineyard  Sound  and  Buzzards  Bay 
an  almost  virgin  field.  We  begin  to  realize  the  pioneer  nature  of  much  of  their  work 
when  we  recall  that  even  some  of  our  most  abundant  and  familiar  species  (e.  g.,  Chalina 
arbuscuia,  Hydroides  diantkus,  Virbius  zostericnla,  Orcheslia  agUis)  were  first  described 
in  the  Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound  (1873),  while  others, 
including  some  of  our  commonest  ascidians,  bad  been  only  recently  described  by  Verrill 
from  specimens  taken  in  the  vicinity  of  Woods  Hole.  Indeed,  the  report  of  Verrill  and 
Smith,  basty  and  ill  digested  as  it  was,  remains  to  this  time  our  chief  single  reference 
work  upon  the  fauna  of  this  section  of  our  coast. 

That  first  inclusive  list  of  local  species  has  been  much  extended,  it  is  true,  partly 
by  the  original  authors  themselves,  partly  by  a  younger  group  of  naturalists,  who  have 
prepared  synopses  and  annotated  lists  of  particular  sections  of  the  local  fauna.     Certain 
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of  these  have  been  published  by  the  United  States  Fish  Commission,  others  by  the 
National  Museum  and  by  the  Boston  Society  of  Natural  History.  So  far  as  they  have 
dealt  with  the  fauna  of  the  Woods  Hole  region,  it  is  fair  to  say  that  these  papers  are 
based  chiefly,' some  of  them  perhaps  wholly,  upon  records  or  collections  made  by  the 
United  States  Fish  Commission  or  by  its  successor,  the  Bureau  of  Fisheries.  Within 
recent  years  reports  have  appeared  comprising  the  following  groups  of  animals  repre- 
sented in  our  local  marine  fauna  "  Protozoa,  Fpraminifera,  Hydrozoa,  Medusae,  Entozoa 
(of  fishes),  Copepoda  (free),  Copepoda  (parasitic),  Ostracoda,  Amphipoda,  Echinoder- 
mata,  and  fishes.  Others  dealing  with  the  local  Actinozoa,  Bryozoa,  and  Polychscta 
are  ready  for  press,  and  it  is  the  policy  of  the  Bureau  of  Fisheries  to  continue  this  work 
until  every  group  having  any  considerable  biological  or  economic  importance  has  been 
treated  in  this  way. 

The  task  undertaken  by  the  present  authors  has  been  twofold:  First,  to  make  as 
complete  a  census  as  possible  of  the  marinq  fauna  and  flora  of  an  arbitrarily  limited 
region  within  the  vicinity  of  Woods  Hole;  and,  second,  to  carry  on  systematic  dredg- 
ing operations  throughout  that  portion  of  this  region  comprising  Vineyard  Sound  and 
Buzzards  Bay.^ 

In  carrying  out  the  former  division  of  our  work,  i.  e.,  the  "census,"  which  appears 
as  sections  iii  and  iv  of  this  report,  we  have  resorted  for  data  to  a  variety  of  sources. 
First  of  all  we  may  mention  the  records  of  the  dredging  operations,  including,  on  the 
one  hand,  those  of  the  survey,  in  the  restricted  sense,  and  on  the  other  hand  the  results  of 
many  special  trips  to  various  points  within  the  region.  It  must  be  admitted,  however, 
that  out  of  the  grand  total  of  over  1,600  species  of  animals  there  listed,  scarcely  more 
than  500  are  included  in  the  dredging  records;  while  of  those  species  encountered  in  the 
dredging  operations,  the  great  majority  had  already  been  listed  by  previous  writers. 
On  the  zoological  side,  at  least,  the  main  source  of  the  data  recorded  in  the  catalogue 
was  thus  necessarily  the  literature  treating  of  the  local  marine  fauna.  And  of  this 
the  quantity  is  very  great.'  For  30  years  or  more  Woods  Hole  has  been  the  chief 
station  for  the  pursuit  of  studies  in  marine  biology  on  this  side  of  the  Atlantic. 
Fortunately,  from  the  compiler's  point  of  view,  a  relatively  small  proportion  of  the 
resulting  literature  contains  data  relevant  to  the  present  work,  since  the  trend  of  modem 
biological  work  is  at  present  physiological  and  morphological  rather  than  taxonomic 
and  ecological.''    But  the  list  of  papers  abstracted  for  tlie  catalo^e  of  marine  fauna  and 
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flora  nevertheless  contains  more  than  250  titles.  Moreover,  it  has  not  been  thought 
worth  while  for  the  purposes  in  hand  to  make  any  very  thorough  examination  of  the 
works  preceding  the  publication  of  the  Invertebrate  Animals  of  Vineyard  Sound,  since 
Yerrill  and  his  collaborators  have  there  included  the  rather  scanty  records  of  their 
predecessors.  And  only  such  statements  were  considered  by  us  as  relate  directly  to  the 
occurrence  trf  species  within  the  limits  of  the  region  defined  hereafter. 

Another  source  of  the  data  accumulated  in  the  course  of  our  "census"  was  the 
wealth  of  information  acquired  during  the  past  40  years  by  the  veteran  collector  of 
the  United  States  Fish  Commission,  Mr.  Vinal  N.  Edwards.  Much  of  this,  it  is  true, 
has  already  been  incorporated  into  a  score  of  different  published  papers,  with  or  with> 
out  due  acknowledgment  of  the  real  source  of  the  information.  It  is  safe  to  say  that 
most  of  the  lists  and  synopses  of  Woods  Hole  species  that  have  appeared  since  the  first 
report  of  Verrill  arc  based  in  large  measure,  if  not  primarily,  either  upon  records  made 
by  Mr.  Edwards  himself  or  at  least  upon  jnaterial  collected  by  him.  The  descriptions 
and,  in  a  large  measure,  the  determination  of  the  species  have,  however,  been  the  work 
of  others.  It  was  found  by  us  that  Mr.  Edwards  still  possessed  copious  notes  relating 
to  the  yield  of  fish  traps,  fyke  nets,  seining  trips,  and  tow-net  collecting  which  had  never 
been  utilized;  and  that  he  had  gathered  much  material  which  had  not  yet  been  iden- 
tified. Such  records  have  been  abundantly  employed  in  the  course  of  our  work,  and, 
in  general,  Mr.  Edwards  has  been  continually  called  upon  for  information  during  the 
preparation  of  the  faunal  catalogue.  Indeed,  one  of  the  motives  which  originally 
prompted  its  compilation  was  a  desire  to  incorporate  in  a  permanent  form  the  valuable 
but  still  unpublished  data  in  the  possession  of  this  indefatigable  collector  and  observer. 

From  time  to  time  notes  of  value  have  been  contributed  by  various  invest^ators 
belonging  to  the  local  scientific  colony,  who  have  become  experts  upon  one  or  another 
group  of  animals  or  plants;  and  in  certain  cases  considerable  manuscripts  have  been 
furnished  us,  notably  by  Messrs.  W.  R.  Coe,  J.  A.  Cushman,  W.  C.  Curtis,  C.  W.  Haigitt, 
Lynds  Jones,  Edwin  Linton,  J.  P.  Moore,  A.  L.  Treadwell,  and  C.  B.  Wilson.  Likewise  a 
card  catalogue,  which  had  been  formerly  maintained  by  the  Marine  Biological  I^aboratory 
as  a  receptacle  for  ecological  notes,  was  put  at  our  disposal  by  the  director  of  that  labora- 
tory, and  a  considerable  number  of  these  dat^  were  found  to  be  relevant  to  our  purposes. 
Mr.  George  M.  Gray,  the  curator  c£  the  same  institution,  has  also  responded  liberally  to 
the  numerous  queries  which  we  have  put  to  him,  and  thus  we  have  profited  to  a  large 
degree  from  his  wide  experience  as  a  collector.  At  the  commencement  of  the  present 
undertaking  the  practice  was  encouraged,  among  investigators  in  the  Fisheries  Labora- 
tory, of  recording  the  results  of  collecting  trips  of  any  sort  or  of  observations  or  dis- 
coveries which  they  might  make  by  chance  relating  to  local  ecology.  Later  a  printed 
form  was  devised  whereby  such  random  records  could  be  entered  upon  single  cards. 

Finally,  although  it  was  no  part  of  the  Survey,  as  at  first  planned,  to  include  the 
littoral  or  intertidal  zone,  it  was  thought  desirable  to  carry  on  a  certain  amount  of  careful 
shore  collecting  in  order  to  obtain  definite  local  records  for  the  catalogue.  With  this  in 
view,  parties  from  the  laboratory  visited  Nobska  Beach  and  Point,  Great  Pond,  Tashmoo 
Pond,  Vineyard  Haven,  Lagoon  Pond,  Katama  Bay,  Cedar  Tree  Neck,  Menemsha  Bight, 
Tarpaulin  Cove,  Robinsons  Hole,  Nantucket  Harbor,  No  Mans  Land,  West  Falmouth 
Harbor,  Scraggy  Neck,  Wareham  River,  New  Bedford  Harbor,  and  Round  Hill  Point. 
No  such  exhaustive  inventory  was  made  at  these  shore  stations  as  was  the  case  with  the 
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dredging  work,  and'  lists  of  the  aggregate  fauna  and  flora  at  these  points  were  not  pre- 
pared; but  definite  records  of  occurrence  were  obtained  in  some  cases  where  previously 
only  general  statements  bad  been  given,  and  the  range  of  some  species  was  extended  in 
an  interesting  manner. 

Tbe  territory  covered  by  the  "census"  was  the  entire  "Woods  Hole  Region,"  to  use 
a  rather  indefinite  and  much  misused  expression.  This  term,  in  the  present  work,  is 
employed  in  a  quite  arbitrary  sense,  as  judged  from  the  viewpoint  of  zoogeography. 
Generally  speaking,  the  Woods  Hole  Region  has  been  held  to  include  the  entire  area  of 
sea  and  of  littoral  readily  available  for  collecting  purposes  from  Woods  Hole  as  a  base. 
Of  course  such  an  area  comprises  a  great  diversity  of  conditions,  and  supports  a  most 
diverse  fauna  and  flora.  In  compiling  the  census  the  criterion  generally  employed  in 
admitting  or  rejecting  species  was  as  follows:  Records  were  admitted  from  points 
extending  from  Newport  on  the  west  to  Chatham  and  Sankaty  Head  upon  the  east. 
Narragansett  Bay,  except  that  portion  in  the  immediate  vicinity  of  Newport,  was 
excluded;  but  the  whole  of  Buzzards  Bay,  Vineyard  Sound,  and  Nantucket  Sound  were 
included,  together  with  the  ocean  shores  of  Marthas  Vineyard  and  Nantucket  and  the 
adjacent  ocean  area  southward  to  the  20-fathom  line.  It  is  not  a  part  of  our  present 
purpose  to  define  and  delimit  the  Woods  Hole  Region  for  future  investigators.  There  is, 
of  course,  no  such  region  geographically  speaking.  Unfortunately  this  term,  and  even 
the  name  Woods  Hole  itself,  have  been  used  by  various  writers  in  an  extremely  mis- 
leading sense.  Certain  species  have  been  listed  in  published  records  as  taken  at  "Woods 
Hole"  which  we  know  to  have  come  from  considerable  distances.  In  the  case  of  certain 
fishes,  indeed,  it  is  quite  evident  that  they  were  bathysmal  species,  collected  at  great 
depths  and  far  from  land. 

The  second  part  of  our  undertaking  comprises  the  systematic  dredging  operations 
which  were  conducted  during  tbe  summers  of  1903,  1904,  and  1905,  together  with 
supplementary  work  carried  on  during  the  four  following  seasons.  This  project  has 
been  very  generally  referred  to  as  the  "Biological  Survey  of  the  Woods  Hole  Region," 
and  this  term  is  a  convenient  one,  provided  that  too  much  is  not  implied  by  it;  for 
this  has  obviously  been  a  biological  survey  in  a  rather  limited  sense'.  Neither  the 
plankton  nor  the  exclusively  littoral  (intertidal)  fauna  and  flora  are  included  within 
tbe  scope  of  the  operations  in  question,  though  abundant  data  relating  to  these 
are,  of  course,  included  in  the  "census." 

The  Survey,  in  this  restricted  sense,  has  been  confined  to  Vineyard  Sound  and 
Buzzards  Bay,  with  the  exception  of  one  day's  dredging  at  Crab  Ledge,  near  Chatham. 
The  Crab  Ledge  records,  having  been  made  with  nearly  the  same  degree  of  care  and 
thoroughness  as  those  made  in  strictly  local  waters,  have  been  included  within  the 
limits  of  the  present  report,  though  otherwise  they  would  not  have  been  regarded  as 
relevant  to  it.  As  wiU  appear  later,  this  procedure  has  made  possible  some  most  inter* 
esting  and  instructive  comparisons. 

During  the  early  explorations  of  Verrill  in  the  waters  adjacent  to  Woods  Hole 
little  system,  or  at  least  little  regularity,  seems  to  have  been  employed  in  the  choice  of 
dredging  stations.  Cert^n  lines  were  followed,  it  is  true,  whose  position  appears  to 
have  been  known  with  some  definiteness,  and  the  dredge  was  lowered  at  more  or  less 
regular  intervals.  These  stations  all  appear  upon  the  chart  which  accompanies  his 
report  (The  Invertebrate  Animals  of  Vineyard  Sound) ;  but  there  is  little  if  any  reference 
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to  specific  stations  in  the  text  of  that  report.  From  the  earliest  days  of  the  United 
States  Fish  Commission,  when  naval  tugs  and  other  small  Government  craft  bad  to  be 
requisitioned  to  meet  the  needs  of  its  sdeotific  explorations,  down  to  the  days  of  the 
Fisk  Hawk  and  Albatross,  it  has  been  the  custom  to  record  serially  numbered  dredging 
stations,  with  the  bearings,  depth,  and  other  data  by  which  each  spot  could  be  identified. 
From  time  to  time  lists  of  these  stations  have  been  published  (Smith  and  Ratbbun,  1882; 
Sanderson  Smith,  1889).  Thus  far,  however,  no  lists  have  ever  been  offered  showing; 
the  total  array  of  species  found  at  the  various  stations,  nor  has  the  distribution  of  a 
single  species  been  described  in  detail  or  plotted  out  graphically  for  local  waters. 
Whether  or  not  the  data  necessary  for  such  an  undertaking  were  ever  gathered  in  the 
past,  they  have  never  been  published,  and  those  earlier  records  are  scarcely  available  at 
present. 

For  this  reason  it  seemed  desirable  to  repeat  the  earlier  exploration  of  the  shallower 
waters  in  the  vidnity  of  Woods  Hole,  in  an  endeavor  to  deal  with  certain  problems  more 
intensively  than  has  ever  been  done  before.  A  systematic  survey  of  the  bottom  of 
Vineyard  Sound  and  Buzzards  Bay  was  accordingly  planned,  with  a  view  to  showing 
(i)  the  aggregate  fauna  and  flora  associated  together  at  each  point  dredged;  (2)  the 
detailed  distribution  of  each  species  which  was  found;  and  (3)  the  depth,  character  of 
bottom,  temperature,  etc.,  which  might  explain  the  observed  facts  of  distribution. 
The  incidental  discovery  of  new  species  would,  of  course,  be  welcomed,  though  this  was 
not  the  primary  object  of  the  investigatioif. 

In  the  dredging  work  the  steamers  Fish  Hawk  and  Phalarope  were  chiefly  employed. 
With  the  former  vessel  muchlargerdredgescouldbeused,-and  the  position  of  the  stations 
could  be  determined  more  accurately.  The  Phalarope,  on  the  other  hand,  having  a 
smaller  draft  and  being  more  wieldy,  could  be  employed  in  shallower  waters.  This  vessel 
was  consequently  the  one  used  for  the  inshore  work,  both  in  the  Bay  and  the  Sound, 
though  the  still  smaller  Blue  Wing  was  employed  on  a  few  occasions. 

Three  types  of  dredging  apparatus  were  employed  by  us.  (i)  The  beam  trawl,  of 
which  descriptions  and  figures  may  be  found  in  several  previous  reports  of  the  United 
States  Fish  Commission  (Verrill,  1883;  Tanner,  1884,  1897).  The  trawls  employed  in 
the  present  work  were  quite  diminutive  in  comparison  with  those  used  in  commerdal 
trawling,  having  a  beam  length  (width  of  aperture)  of  from  6  to  9  feet,  and  a  depth  of 
net  not  much  exceeding  10  feet.  This  appliance  can  be  employed  to  best  advantage  on 
a  level  bottom  of  hard  sand  or  fine  gravel,  upon  which  the  lead  line  fits  closely.  It  is 
well  adapted  to  scraping  up  the  larger  moUusks,  fishes,  crustacea,  echinoderms,  algae. 
etc.,  which  lie  upon  the  surface,  but  not  to  penetrating  the  sand  or  gravel;  and  it  conse- 
quently fails  to  disturb  those  forms  which  burrow  in  even  a  slight  degree.  For  this 
reason,  and  because  of  the  large  size  of  its  meshes,  the  beam  trawl  was  commonly  not 
employed  alone;  but  a  dredge  of  the  next  type  was  ordinarily  appended  to  the  lower 
end  of  the  bag. 

(2)  The  ordinary  naturalists'  dredge,  of  the  type  originally  devised  by  O.  F,  MCiller 
(see  Verrill,  1883;  Tanner,  1884,  1897;  Agassiz,  1888),  This,  as  is  well  known,  con- 
sists of  a  heavy,  rectangular,  iron  frame,  to  which  is  fitted  the  mouth  of  a  hag  of  stout 
netting.  In  the  commoner  pattern  the  two  longer  sides  of  the  frame  consist  of  sharp, 
outwardly  flaring  edges,  adapted  to  cutting  into  the  sand,  gravel,  or  mud;  and.  the 
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dredge  is  practically  certain  to  drag  in  such  a  way  that  one  or  the  other  of  these  edges  is 
lowermost. 

A  modification  of  this  type  of  dredge  which  was  freely  used  during  the  present  work 
was  the  "  rake  dredge,"  which  differs  from  the  ordinary  pattern  in  possesdng  heavy  teeth 
along  the  cutting  edge.  The  frame,  in  both  types,  is  fitted  with  two  heavy  movable 
iron  arms,  to  which  the  dredge  line  is  attached.  Commonly  a  comparatively  light  rope 
was  fastened  to  one  of  these  handles,  so  that  in  case  an  obstruction  was  encountered 
this  line  might  part  and  allow  the  dredge  frame  to  free  itself  without  escaping  altogether. 
The  dredge  net  was  protected  from  tearing  by  a  sheathing  of  heavy  canvas,  which  was 
attached  to  the  frame  outside  of  the  net  and  formed  a  bag,  open  at  the  lower  end.  The 
netting  commonly  employed  in  these  dredges  had  a  ^-inch  or  a  i-incb  mesh"  in  the 
upper  portion,  while  the  lower  end  was  quite  closely  woven.  Such  meshes  were  likely 
to  retain  not  only  the  stones,  shells,  and  the  great  majority  of  living  organisms,  but 
even  considerable  quantities  of  the  bottom  material.  Fine  loose  sand,  however,  and  in 
less  degree  mud,  were  likely  to  be  washed  out  almost  completely  during  the  reeling  in 
of  the  dredge  line.  Where  such  bottoms  were  encountered,  the  canvas  sheathing  of  the 
dredge  was  frequently  tied  up  at  the  lower  end,  or  sometimes  a  simple  canvas  bag  alone 
(mud  bag)  was  attached  to  the  frame.  During  the  last  season  of  the  regiilar  dredging 
work  (1905)  the  mud  bag  was  nearly  always  employed  in  connection  with  the  beam 
trawl.  It  is  obvious  that  a  much  fairer  bottom  sample  could  be  collected  in  this  way. 
The  dimendons  of  the  frame  in  the  type  most  commonly  used  durii^  the  Fish  Hawk 
dredging  were  iz  by  22  inches.  A  smaller  size  (8  by  i6  inches)  was,  however,  some- 
times used  in  the  Pkalarape  and  Blve  Wing  work. 

(3)  The  third  type  of  dredge  employed  was  the  "oyster  dredge."  This  was  inter- 
mediate in  size  between  the  beam  trawl  and  the  scrape  dredge  and  was  very  heavily 
constructed,  being  well  adapted  to  use  upon  rocky  bottoms.  The  scraping  edge  at  the 
mouth  of  this  implement  was  armed  with  powerful  spikes  or  teeth,  designed  to  dig  deeply 
into  the  sand  or  gravel.  The  bag  of  the  dredge  was  made  up  of  iron  rings,  linked 
together  after  the  fashion  of  chain  armor.  In  order  to  retain  the  smaller  oi^nisms, 
this  chainwork  bottom  was  commonly  lined  with  fine  netting.  The  oyster  dredge  was 
employed  on  bottoms  too  stony  for  the  other  appliances,  or  where  it  was  desired  to 
penetrate  more  deeply  beneath  the  surface. 

The  Fish  Hawk  is  a  steam  vessel  having  a  length  of  146  feet  at  the  water  line,  or 
of  156  feet  over  all,  a  beam  of  37  feet,  and  a  draft  of  about  7  feet.  She  carries  adequate 
machinery  for  the  reeling  in  of  heavy  dredges,  and  despite  her  limited  speed  and  unsea- 
worthy  construction  is  an  extremely  serviceable  vessel  for  scientific  operations  in  quiet 
waters.  A  full  description  of  the  Fish  Hawk  has  already  been  given  by  Taimer  (1884), 
and  therefore  need  not  be  repeated  here. 

The  material  taken  by  the  Fish  Hawk  dredges  was  commonly  emptied  into  a  series 
of  trays,  constituting  the  table  sieve  of  Verrill  and  Chester  (Verrill,  1883),  having  graded 
meshes,  the  coarser  ones  naturally  being  uppermost.  After  a  superficial  examination 
and  preliminary  search  for  specimens  a  stream  of  salt  water  was  pkiyed  upon  the  mate- 
rial, and  the  sand,  mud,  and  small  unattached  organisms  were  thus  washed  into  the 
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underlying,  smaller-meshed  trays.  The  contents  of  each  tray  were  examined  in  turn, 
accordicg  to  a  system  to  be  described  later. 

The  Tanner  sounding  apparatus"  was  employed  at  each  of  the  Fish  Hawk  stations, 
together  with  the  Sigsbee  "water  specimen  cup,"  and  the  Negretti-Zambra  thermometer. 
Thus  the  temperature  and  density  were  recorded,  as  well  as  the  depth  of  the  water. 
It  was  later  realized,  however,  that  the  figures  for  temperature  and  density  obtained 
during  the  regular  dredging  operations  were  not  sufficiently  exact  for  the  purposes  of 
the  work,  and,  Ukewise,  that  no  fair  comparison  would  be  possible  of  the  different 
waters  in  the  region  unless  we  possessed  a  set  of  determinations  which  had  been  made 
nearly  or  quite  simultaneously  throughout  its  entire  extent.  For  this  reason  a  new  set 
of  temperature  and  density  observations,  taken  with  standardized  instruments  and 
within  the  briefest  period  possible,  was  made  after  the  completion  of  the  dredging 
work.  Such  determinations  were  repeated  several  times  at  intervals  of  a  few  months, 
so  that  the  seasonal  conditions  are  now  pretty  well  known.  These  will  be  discussed  in 
a  later  section. 

The  position  of  the  vessel  was  determined  in  the  earlier  part  of  the  work  by  means 
of  an  azimuth  compass  located  on  the  roof  of  the  deck  house,  just  abaft  the  pilot  house. 
Bearings  were  taken  upon  two,  sometimes  three,  landmarks,  usually  lighthouses.  This 
was  commonly  done  just  before  the  lowering  of  the  dredge.  The  "station,"  as  re- 
corded on  the  chart,  was  thus  the  point  where  the  dredge  haul  commenced,  while  the 
direction  and  amount  of  the  drift  was  estimated  rather  roughly.^  Later,  tripods  were 
erected  upon  a  number  of  Coast  Survey  triangulation  points  and  sextants  were  employed 
in  locating  the  ship's  position.  Angles  were  taken  simultaneously  by  two  observers, 
one  of  whom  found  the  angular  distance  between  X  and  Y,  the  other  that  between 
V  and  Z.  The  position  of  the  vessel  was  determined  both  at  the  beginning  and  at  the 
end  of  the  dredge  haul,  and  frequently  at  one  or  two  intermediate  points.  Thus  upon 
the  maps  the  later  stations  in  Vineyard  Sound  appear  not  as  single  circles  but  as  straight 
or  curved  lines,  at  intervals  in  which  are  to  be  found  the  points  (a,  b,  c,  etc.)  at  which 
sextant  readings  were  taken. 

The  Phalarope  is  a  steam  vessel,  originally  designed  as  a  yacht,  having  a  length  of 
82  feet  at  the  water  line,  or  of  92  feet  over  all,  and  a  beam  of  16  feet.  She  draws  7% 
feet  of  water,  and  her  average  speed  is  probably  about  1 1  knots.  The  Phalarope  carries 
no  dredging  machinery  and  is  not  permanently  equipped  for  this  work.  In  landing  the 
dredge  a  small  derrick  was  employed,  this  being  operated  by  hand  power.  The  contents 
were  emptied  upon  a  special  movable  platform  built  over  the  forward  cabin.  A  set  of 
sieves  was  employed  similar  in  principle  but  smaller  than  those  used  on  the  Fish  Hawk. 
With  this  vessel  the  use  of  the  beam  trawl  was  impracticable,  and  even  the  oyster  dredge 
was  too  heavy  to  be  employed  very  frequently,  though  it  was  used  to  advantage  under 
certain  conditions.  The  second  type  of  dredge  mentioned  above  was  therefore  the 
principal  one  employed. 

Since  the  Phalarope  dredging  was,  for  the  most  part,  done  within  a  quarter  of  a 
mile  from  land,  it  was  found  to  be  possible  to  locate  the  stations  with  a  fair  degree  of 
accuracy  by  reference  to  features  of  the  shore.  Bearings  upon  lighthouses  were  not 
commonly  practicable,  nor  indeed  were  they  believed  to  be  especially  desirable.  The 
soundings  indicated,  with  sufficient  precision,  the  distance  from  land,  and  the  direction 
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of  various  landmarks  was  noted.  An  ideal  degree  of  accuracy  in  locating  these  stations 
might  have  been  attained  through  the  sacrifice  of  much  time  and  effort,  but  it  is  doubtful 
whether  the  scientific  value  of  this  report  would  thereby  have  been  greatly  enhanced. 

In  the  case  of  both  vessels  the  same  general  procedure  was  adopted  in  respect  to 
the  listing  and  the  preservation  of  material.  One  or  more  of  the  authors  of  this  report 
accompanied  each  dredging  trip,  and  one  or  several  assistants  were  detailed  from  the 
laboratory  staff.  On  many  occasions  specialists  interested  in  particular  groups  of 
organisms  accompanied  us  on  these  expeditions  and  participated  in  the  identifications. 
The  more  obvious  and  easily  recognizable  species  were  listed  on  the  spot,  mention  being 
made  of  their  relative  abundance  and  other  facts  of  interest.  These  observations  were 
dictated  to  an  assistant.  At  the  same  time  samples  of  the  sand,  stones,  mud,  seaweed,  etc., 
and  any  specimens  concerning  which  the  least  doubt  was  entertained  were  preserved,  with 
a  record  of  the  station  from  which  they  came.  This  material  was  later  sorted  over  in  the 
labotatory  and  further  species  were  identified  and  listed.  Those  concerning  which  there 
was  still  any  doubt  were  bottled  and  subsequently  referred  to  the  proper  spedaUsts. 
Formalin  was  commonly  employed  for  fishes,  moUiisks,  coelente rates,  and  worms,  alcohol 
(after  the  earlier  dredgings  at  least)  being  generally  used  for  Crustacea,  bryozoa,  and 
echinoderms,  the  calcareous  parts  of  which,  as  is  well  known,  are  damaged  by  formalin. 

The  authors  of  the  zoological  section  of  this  report  early  familiarized  themselves 
with  a  large  proportion  of  the  commoner  species  encountered,  including  the  great 
majority  of  larger  animals,  and  after  a  few  preUminary  safeguards  it  was  believed  that 
any  one  of  us  could  identify  these  with  a  fair  approach  to  certainty.  Minute  organisms, 
or  any  which  required  careful  study  before  they  could  be  specifically  determined,  were 
either  subjected  to  careful  examination  in  the  laboratory  by  the  authors  themselves,  or, 
more  commonly,  were  reserved  for  reference  to  one  or  another  of  the  taxonomic  experts 
who  have  assisted  us. 

Acknowledgment  must  here  be  made,  accordingly,  to  the  specialists  who  have 
given  their  services,  in  most  cases  without  any  remuneration,  to  the  task  of  identifying 
the  Survey  collections.  The  following  deserve  mention:  Dr.  Paul  Bartsch  (mollusks), 
Dr.  R.  P.  Bigelow  (decapods),  Dr.  H.  L.  Clark  (echinoderms).  Prof.  W.  R.  Coe  (nemer- 
teans).  Dr.  J.  A.  Cushman  (Foraminifera,  Porifera,  Ostracoda),Dr.  W.  H.  Dall  (mollusks). 
Dr.  B.  W.  Evermann  (fishes).  Dr.  J.  H.  Gerould  (sipunculids),  Prof.  C.  W.  Hargitt 
(coelenterates) ,  Prof.  S.  J.  Holmes  (amptupods).  Dr.  B.  W.  Kunkel  (amphipods).  Prof. 
P.  M.  MacFarland  (nudibranch  mollusks),  Dr.  J.  P.  Moore  (annelids),  Prof.  C.  C. 
Nutting  (hydrozoa).  Dr.  H.  A.  Pilsbry  (barnacles),  Miss  M.  J.  Rathbun  (decapods), 
Dr.  Harriet  Richardson  (isopods),  Prof.  W.  E.  Ritter  (simple  asddians),  Mr,  R.  W. 
Sharpe  (copepoda),  Dr.  W.  G.  Van  Name  (compound  ascidians).  The  part  played 
by  each  of  these  specialists  will  be  referred  to  in  connection  with  the  various  divisions 
of  the  animal  kingdom.  A  few  insects,  most  of  which  were  taken  during  the  shore  and 
brackish- water  collecting,  were  identified  by  a  number  of  entomologists  in  the  National 
Museum. 

In  the  case  of  certain  groups  it  was  found  impossible  to  obtain  any  assistance  from 
previously  trained  spedalists,  or  at  least  to  the  extent  needed  for  the  complete  identi- 
fication of  our  collections.  In  such  cases  it  became  necessary  for  one  or  another  of  the 
authors  of  this  report  to  acquire  a  certain  degree  of  mastery  of  the  group  in  question. 
This  has  been  true  particularly  of  the  Bryozoa,  Cirripedia,  Amphipoda,  Isopoda,  and 
Pycnogonida. 
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The  identification  of  the  first-mentioned  group  of  organisms  was  undertaken  by 
Dr.  Osbuni,  who,  as  a  result ,  has  been  led  to  the  preparation  of  a  synopsis  of  the  Bryozoa  of 
this  section  of  our  coast.  Dr.  Osbum  likewise  disposed  of  the  isopods  collected  by  us  after 
the  first  season's  work.  The  pycnogonids  and  a  lai^  proportion  of  the  amphipods  from 
our  dredgings  were  identified  by  Dr.  Cole,  while  Dr.  Sumner  has  given  considerable  time 
to  an  examination  of  the  barnacles  of  the  survey.  The  study  of  the  Poraminifera, 
Porifera,  and  Ostracoda  was  first  undertaken  by  Dr.  Cushman,  while  employed  as  a 
salaried  as^tant  in  the  Woods  Hole  Laboratory  during  the  progress  of  the  survey.  In 
respect  to  the  second-named  group,  his  identificationsare  admittedly  somewhat  tentative. 

The  determination  of  the  marine  algse  was  carried  out  by  Prof.  B.  M.  Davis  and  Miss 
Lillian  MacRae,  one  or  both  of  whom  accompanied  nearly  every  dredging  expedition 
belonging  to  the  regular  series.  Doubtful  cases  were  referred  to  Mr.  P.  S.  Collins,  to 
whom  our  thanks  are  likewise  due  in  this  place. 

Various  types  of  printed  cards  and  other  blank  forms  have  been  employed  in  the 
course  of  this  work,  (i)  A  large  sheet  laj^  by  i6  inches,  of  which  an  incomplete  repro- 
duction appears  below.  Upon  this  were  transcribed  the  original  dredging  records,  made 
in  the  field  and  in  the  laboratory."  The  array  of  species  for  each  station  was  here  given, 
together  with  various  relevant  notes. 

This  form  was  drawn  up  and  adopted  before  the  commencement  of  the  dredging 
operations  and  before  the  requirements  were  definitely  known.  Experience  has  very 
naturally  suggested  changes.  The  columns  headed ' '  Sexual  condition, ' ' '  'Age  or  dze,"  and 
"Special  habitat"  might  better  be  dispensed  with,  since  such  data  can  only  be  properly 
recorded  for  each  dredge  haul  separately,  and  the  column  headed  "Total"  is  likewise  of 
no  use.  Furthermore,  there  should  have  been  ten  columns  instead  of  five  devoted  to 
dret^i^  stations,  since  more  than  five  dredge  hauls  were  commonly  made  during  a 
single  day's  work.  ■  It  might  also  be  worth  while,  in  another  edition  of  these  sheets  for 
local  use,  to  print  the  names  of  the  species  which  occur  most  frequently  in  the  lists. 
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(2)  From  an  analysis  of  these  large  sheets  the  distribution  of  each  species  was 
ascertained.  The  list  of  stations  for  each  of  these  spedes  was  recorded  serially  upon 
large  blank  cards  5  by  8  inches  in  Mze.  Here  were  entered,  along  with  each  station 
number,  the  abundance,  where  stated,  or  any  item  of  interest  which  had  been  noted  in 
the  original  records."  These  cards,  under  each  major  group,  were  arranged  alphabetic- 
ally and  kept  for  reference.  The  distribution  of  each  species  by  stations  could  thus 
be  determined  on  a  moment's  notice. 

(3)  A  sheet  8  by  11  inches  in  size  was  devised,  having  the  headings  indicated 
herewith.  This  was  intended  either  for  use  in  abstracting  data  from  various  pub- 
Ushed  records,  or  for  the  entry  of  information  furnished  directly  by  observers.  A 
dngle  sheet  was  devoted  to  each  species  so  listed,  and  the  printed  headings  are  self- 
explanatory.     These  sheets  were  padded  in  blocks  of  50  each. 

Record  Blank  for  Notes  Upon  Local  Spbcibs. 

Observer's  name 

Name,  sped6c 

Name,  popular  or  local 

Relative  abundance 

Distribution,  geographical  (sta«e  any  locality  where  species  is  known  to  occur) 

Distribution,  seasonal  (with  exact  dates,  in  case  of  rarer  species) 

Habitat  (host,  if  a  parasite) 

Reproduction  (sexual  condition,  breeding  habits,  etc.) 

Food 

Method  of  coQecting 

Economic  data 

References  in  literature  (to  local  occurrence  only) 

Remarks  (any  ecological  or  other  data  of  interest.    May  be  continued  on  back) 

(4)  A  rather  elaborate  system  of  cards  was  devised  for  recording  in  permanent  form 
the  summarized  data  derived  from  all  of  the  sources  detailed  previously.  Separate  cards 
4  by  6  inches  in  size  were  printed,  with  headings  corresponding  to  each  of  the  subdivisions 
of  the  sheet  just  described  (3).  The  name  card  was  of  heavier  material  and  provided 
with  a  projecting  index  margin,  or  "tab"  intended  to  bear  the  specific  name.  Thus  a 
complete  record  for  a  single  species  would  consist  of  1 1  cards,  although,  as  a  matter  of 
fact,  this  number  would  seldom  be  used,  owing  to  the  tack  of  certain  data.  In  addition, 
a  heavy  red  index  card  was  provided  for  each  family,  and  a  blue  one  for  each  class.  A 
large  mass  of  data  was  transcribed  upon  these  cards  in  typewriting,  but  it  must  be 
confessed  that  the  system  was  found  to  have  serious  faults  in  practice.  In  the  first  place, 
it  was,  as  should  have  been  foreseen,  too.cumbersome.  In  the  second  place,  data  were 
entered  on  different  cards  which  should  not  have  been  separated.  For  instance,  "rela- 
tive abundance"  should  not  commonly  be  separated  from  "geographical  distribution." 
since  it  often  happens  that  a  species  may  be  abundant  in  one  locality  and  very  rare  at 
others.  The  phrase  "scarce  to  abundant"  does  not  describe  such  a  situation  with 
sufficient  precision.  In  a  similar  manner  "habitat"  and  "season,"  or  date,  should  be 
included  with  each  individual  entry  of  the  occurrence  of  a  species.  The  total  ntimber  <rf 
cards  per  species  should  evidently  be  greatly  reduced.  Nevertheless,  the  system,  even 
as  described,  served  a  useful  purpose  during  the  preparation  of  this  report;   and  it  is 

*  The  burdduooie  tuk  frf  tniiicTJbinc  these  i^ecordi  wu  cvrrlnl  out  vilh  Rrat  cmreand  pncUioii  byMr.  C-  V.  Morrill. 
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recommended  that  a  simplified  card  catalogue  be  m^ntained  at  the  laboratory  in  the 
future  for  the  reception  of  further  data  as  they  accumulate.  Such  a  system,  if  properly 
cared  for,  would  furnish  a  receptacle  for  fragmentary  notes  and  records  which  otherwise 
would  be  lost. 

(5)  For  occasiona]  or  random  observations  by  local  observers  a  provisional  mode  ttf 
entry  was  adopted  and  another  type  of  card,  uniform  in  size  with  the  last,  vras  printed  for 
the  purpose.  This  card,  although  likewise  capable  of  improvement,  proved  to  be 
extremely  useful. 

We  trust  that  the  following  explanations  and  admis^ons  will  not  be  construed  as  an 
apology  for  the  results  herein  offered.  Without  such  a  frank  confesdon  of  the  limita- 
tions of  our  work  and  of  the  difficulties  encountered,  we  should  expose  ourselves  to  the 
criticism  of  making  pretensions  which  have  not  been  realized.  It  is  only  fair  to  our- 
selves that  we  should  disarm  such  criticism  as  is  based  upon  the  assumption  that  we  have 
enjoyed  greater  facilities  and  opportunities  than  was  actually  the  case.  Moreover, 
fairness  and  scientific  accuracy  demand  that  there  be  a  clear  separation  between  those 
of  our  results  which  we  regard  as  clearly  established  and  those  which  are  to  be 
regarded  as  merely  probable.  The  reader's  confidence  in  what  we  trust  are  really  sub- 
stantial and  valuable  acquisitions  should  not  be  shaken  by  the  discovery  of  various 
undeniable  sources  of  error  and  uncertainty. 

The  fact  must  be  emphasized  at  the  outset  that  the  work  of  the  Survey,  with  a  few  ■ 
important  exceptions,  was  restricted  to  the  summer  months.  The  vessels  employed 
were  commonly  available  not  earlier  than  July  i  and  not  later  than  September  i.  This 
is  likewise  the  period  during  which  those  immediately  in  charge  of  the  dredging  opera- 
tions were  free  for  work  of  this  sort.  Without  exception,  the  biological  staff  was  con- 
stituted by  university  or  college  men— instructors  or  graduate  students — who  were 
busily  occupied  in  .their  teaching  or  their  studies  for  about  nine  months  of  the  year. 

From  these  circumstances  there  has  resulted  a  two-fold  limitation  of  the  work. 
First,  with  respect  to  the  dredging  results,  we  can  only  offer  a  record  of  midsummer 
conditions;  second,  it  is  obvious  that  neither  as  much  work  nor  as  high  a  degree  of  prepa- 
ration can  be  expected  of  a  staff  thus  constituted  as  from  one  composed  of  naturaUsts 
permanently  engaged  in  pursuits  of  this  sort.  We  must  confess  in  all  frankness  that  we 
found  it  necessary  in  large  degree  to  develop  our  own  methods  through  experience, 
and  that  the  earlier  dredging  operations  are  to  be  regarded  as  in  large  measure  practice 
work.  This  fact,  however,  has  been  recognized  by  the  authors  throughout,  and  for  this 
reason  the  field  of  these  earlier  labors  was  explored  later  with  far  greater  care  and 
thoroughness. 

Due  allowance  must  likewise  be  made  for  the  fact  that  those  of  us  who  listed  and 
sorted  the  dredging  material  in  the  field  and  in  the  laboratory  make  no  pretensions  to 
I^ng  universal  naturalists  having  a  "speaking  acquaintance"  with  practically  every 
spedes  of  animal  and  plant  fikely  to  be  encountered  by  us.  We  will  add  the  further 
admission  that  on  many  occasions  no  one  of  the  party  thus  employed  was  a  recognized 
authority  upon  a  single  group  of  animals,  considered  from  the  standpoint  of  taxonomy. 
But  this  state  of  affairs  has  resulted,  we  believe,  almost  wholly  in  errors  of  omission, 
many  of  which  have  been  subsequently  rectified.  At  the  outset  we  familiarized  our- 
selves with  those  species  which  were  readily  recognizable,  and  endea^vred  to  learn  in 
just  what  cases  confusion  was  possible   and   special   care  necessary.     The  advice  of 


.Google 


BIOLOGICAL  SURVEY  OF  WOODS  HOLE  AND  ViaNTTY.  2^ 

various  systematic  zoologists  who  happened  to  be  at  the  laboratory  was  constantly  sought. 
Spedmens  from  each  dredge  haul  of  all  species  concerning  which  any  doubt  was  believed 
to  be  possible  were  brought  back  to  the  laboratory  for  further  examination,  and  were 
commonly  bottled  for  reference  to  specialists.  Some  confusion  of  species  probably 
occurs  in  the  records  here  presented,  especially  those  derived  from  the  earhest  dredging 
work;  but  we  believe  these  cases  to  be  few,  and  we  have  endeavored  to  indicate  such 
possibilities  in  their  proper  place  in  the  records.  Moreover,  the  supplementary  dredging 
trips  to  be  mentioned  below  have  removed  many  of  these  ambiguities. 

Cases  of  omission  are  doubtless  present  in  great  frequency,  and  many  of  them  would 
have  been  inevitable  under  the  most  favorable  circumstances.  Microscopic  organisms 
were  entirely  overlooked.  The  Foraminifera  were  collected  and  listed  during  only  one 
of  the  seasons  in  which  the  original  "stations"  were  dredged.  The  smallest  Crus- 
tacea and  worms,  and  in  fact  minute  organisms  in  general,  were  undoubtedly  over- 
looked in  very  large  measure.  Certain  forms  were  regularly  neglected  during  the  earlier 
portions  of  the  work,  but  were  later  sought  for  and  preserved,  after  our  attention  had 
been  called  to  them  by  special  students  of  the  organisms  in  question.  This  was  particu- 
larly true  of  some  of  the  more  minute  hydroids,  Bryozoa,  amphipods,  and  Annulata. 
The  charts  representing  the  distribution  of  such  forms  would  consequeutiy  be  misleading 
unless  this  fact  were  taken  into  consideration.  The  apparent  absence  of  a  species  through- 
out a  wide  area  would  not  in  such  cases  imply  its  actual  absence.  But  here  ^ain  we 
have  indicated  such  pos^bilities  in  the  discussions  of  the  various  groups.  In  a  large 
{)roportion  of  cases  an  example  of  a  doubtful  species  was  preserved  from  each  station 
at  which  it  occurred.  Sometimes,  however,  a  single  specimen  was  chosen  as  representa- 
tive <A  a  considerable  number  of  stations.  This  proved  to  be  a  dangerous  practice. 
It  has  sometimes  happened  (most  often,  perhaps,  in  the  case  of  encrusting  Bryozoa  and 
of  certain  small  mollusks)  that  the  representative  sample  proved  to  comprise  two  or  more 
species.  The  identitv  of  the  species  which  had  t>een  taken  at  the  other  stations  was,  of 
course,  rendered  uncertain.  Such  ambiguities  are  duly  noted  in  the  records,  as  also 
other  possible  sources  of  error  and  confusion. 

Again,  certain  misleading  results  have  arisen  from  the  differences  in  the  dredges 
employed  at  various  points.  So  far  as  these  relate  to  the  character  of  the  bottom  they 
will  be  discussed  under  that  head.  It  need  only  be  pointed  out  here  that  the  beam 
trawl  alone  would  bring  up  no  bottom  sample  except  occasional  stones,  and  would  thus 
miss  most  of  the  organisms  except  the  larger  algae  and  such  animals  as  crawl  upon  the 
bottom  or  at  least  project  considerably  above  its  surface.  On  the  other  hand,  the  scrape 
dredge  alone,  on  account  of  its  smalt  aperture,  would  commonly  miss  the  fishes  and 
other  actively  swimming  organisms,  and,  indeed,  would  have  a  much  smaller  chance 
of  gathering  in  any  of  the  forms  which  dwell  freely  on  the  bottom.  The  burrowing 
species,  however,  or  such,  at  least,  as  do  not  burrow  deeply,  would  commonly  be  cap- 
tured. At  the  majority  of  the  Fish  Hawk  stations,  as  already  stated,  the  two  were 
used  tc^ther  or  in  succession. 

During  the  earlier  part  of  the  work  the  bottom  material  (sand,  gravel,  shells,  etc.) 
was  not  searched  with  sufficient  care,  and  considerable  numbers  of  species  were  doubtless 
overlooked  for  this  reason.  Later  more  careful  methods  were  adopted,  such  as  have 
already  been  described. 
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Errors  have  doub):less  crept  in  during  the  copying  and  tabulating  of  the  records. 
It  will  be  readily  appreciated  that  the  clerical  work  herein  involved  was  enormous  and 
that  it  was  necessary  to  intrust  much  of  it  to  assistants.  Although  methods  of  cor- 
roboration and  verification  were  commonly  employed,  and  while  we  believe  the  records 
to  be  reasonably  free  from  errors  of  this  sort,  instances  have  been  discovered  of  regret- 
table carelessness  on  the  part  of  certain  assistants  employed  during  the  earlier  stages 
of  the  work.  But  the  total  number  of  such  cases  is  in  all  probability  proportionately 
very  small;  and  they  commonly  can  not  seriously  vitiate  the  results,  since  the  most  fre- 
quent errors  made  have  been  the  transpositions  of  the  records  of  adjacent  stations. 
In  no  case  can  such  a  mistake  have  resulted  in  asdgning  to  the  fauna  of  our  r^on  a 
species  which  has  not  been  found  here,  or  even  in  the  confusion  of  records  from  widely 
different  points  within  the  area  dredged. 

And,  iinally,  it  must  be  pointed  out  that  even  our  highest  authorities  are  not  infal- 
lible and  that  they  do  not  in  all  cases  appear  to  have  been  consistent  in  the  determina- 
tion of  species. 

But  after  making  all  these  admissions — and  honesty  demands  that  they  should  be 
made — we  insist  emphatically  upon  the  substantial  accuracy  of  the  results  herein  pre- 
sented. We  have  made  due  allowance  for  the  various  sources  of  error  and  have,  in  many 
cases,  been  able  to  correct  them  by  supplementary  woi^.  Indeed,  during  every  season 
ance  the  conclusion  of  the  original  survey  dredging  trips  have  continually  been  made 
with  a  view  to  rectifying  specific  errors.  To  what  degree  these  supplementary  dredg- 
Ings  confirm  the  earlier  results  and  to  what  degree  they  reveal  inaccuracies  or  omisdons 
will  be  pointed  out  later.  We  have  been  most  fortunate  in  having  the  active  coopera- 
tion of  more  than  a  dozen  systematic  naturalists  of  high  standing,  without  whose  as^t- 
ance,  indeed,  this  work  would  have  been  utterly  impossible. 

While,  then,  more  and  better  work  could  have  been  done  under  ideal  but  imposable 
conditions,  we  think  that  no  apology  is  necessary  in  offering  the  results  already  accom- 
plished. We  are  able  to  portray  with  a  fair  approach  to  accuracy  the  detailed  distribu- 
tion of  a  large  number  of  spedes  of  plants  and  animals  and  are  able  to  portray  with  less 
completeness  the  distribution  of  a  much  greater  number.  We  have  been  able  to  correlate, 
in  a  large  number  of  cases,  the  peculiarities  of  distribution  with  peculiarities  in  the 
character  of  the  bottom  or  with  the  temperature  of  the  water,  and  to  compare  in  an  inter- 
esting way  the  distribution  patterns  of  closely  related  spedes.  And,  finally,  we  believe 
that  we  have  laid  a  foundation  upon  which  others  may  build  in  the  future.  And  here  a 
few  words  as  to  the  needs  of  the  future  may  not  be  out  of  place.  As  it  does  not  seem 
likely  that  those  who  have  been  most  active  in  the  present  undertaking  will  be  able  to 
devote  much  more  of  thdr  time  to  it,  we  venture  to  offer  the  following  tentative  program 
to  our  possible  successors: 

(i)  A  repetition  of  this  entire  dredging  work  after  the  lapse  of  lo  or  20  years 
would  be  highly  dedrable.  We  should  recommend  relatively  less  attention  to  Vineyard 
Sound  and  relatively  more  to  Buzzards  Bay.  This  later  work  could  doubtless  be  accom- 
plished more  rapidly  than  was  done  in  the  present  case.  The  mistakes  and  failures  of 
the  present  report  could  perhaps  in  considerable  measure  be  rectified.  Such  a  repe- 
tition of  the  present  survey  would  not  improbably  reveal  interesting  changes  in  the 
occurrence  of  various  spedes,  and  it  doubtless  would  result  in  supplementing  and  cor- 
recting our  rather  experimental  labors. 
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(2)  Seasonal  changes  in  the  fauna  and  flora  should  be  determined  by  0 
throughout  the  year. 

(3)  A  more  definite  system  of  classifying  bottom  deposits  is  desirable.     (See  p.  30-33.) 

(4)  Temperature  and  density  records  should  be  taken  throughout  the  entire  region 
for  every  month  of  the  year. 

(5)  The  intertidat  and  the  pelagic  fauna  and  flora  should  receive  the  same  detailed 
attention  as  has  been  accorded  to  the  bottom-dwelUng  species. 

(6)  The  limits  of  the  area  dredged  should  be  extended  from  the  mouth  of  Buzzards 
Bay  and  Vineyard  Sound  out  to  the  35-fathom  line,  and  farther  if  practicable.  Such 
work  as  has  already  been  done  points  to  the  possibility  that  the  limits  of  distribution  of 
a  considerable  number  of  species  would  be  successively  encountered  as  the  work  was 
extended  outward.  We  should  likewise  predict  in  full  confidence  a  greater  and  greater 
predominance  of  such  northern  types  as  just  enter  Vineyard  Sound  and  Buzzards  Bay. 

We  hope  that  such  a  program  may  be  carried  out  in  the  future.  Much  of  it  could 
only  tie  accompUshed,  it  is  true,  by  the  establishment  of  a  permanent  scientific  staff  at 
the  Bureau's  Woods  Hole  Laboratory.  Our  hope,  therefore,  embraces  this  feature 
likewise. 

The  senior  author  of  this  report,  as  director  of  the  Woods  Hole  Laboratory,  has  had 
general  supervision  of  the  Biological  Survey  from  its  inception,  including  executive  man- 
agement, selection  of  assistants,  correspondence  with  specialists,  etc.  Upon  him,  also, 
has  fallen  the  duty  of  compiling  the  results  and  of  writing  the  entire  report,  excepting 
that  portion  devoted  to  the  marine  algae.  The  latter  has  been  prepared  by  Dr.  Davis. 
On  the  other  hand,  both  Dr.  Osbum  and  Dr.  Cole  have  played  an  essential  part  in  this 
undertaking,  and  are  fully  entitled  to  rank  as  joint  authors. 

During  the  summer  of  1903,  in  which  the  Fish  Hawk  alone  was  used  for  the  Survey 
dredgings,  the  field  work  and  subsequent  disposition  of  the  zoological  material  were  in 
direct  charge  of  Dr.  Sumner  and  Dr.  Osbum.  In  1904  the  Fish  Hawk  dredging,  after  a 
few  preliminary  trips,  was  in  charge  of  Dr.  Cole,  who  was  likewise  largely  responsible  for 
the  identification  of  the  material  collected  by  that  vessel.  During  the  latter  season  the 
■inshore  dredging  with  the  Phalarope  was  commenced,  and  this,  almost  from  the  outset, 
was  in  charge  of  Dr,  Osbum,  who  identified  a  large  proportion  of  the  specimens  and  drew 
up  the  records  for  these  trips.  During  the  summer  of  1905  practically  the  same  arrange- 
ments were  continued.  Dr.  Osbum  superintending  the  work  of  the  Phalarope  and  Dr. 
Cole  that  of  the  Fish  Hawk.  Thus  the  two  last-named  members  of  the  staff  have  been 
responsible  for  about  four- fifths  of  the  field  work  during  the  first  three  seasons  of  the  Sur- 
vey dredging,  together  with  a  proportional  amount  of  the  task  of  identifying  the  zoolog- 
ical spedraens,  while  perhaps  one-fifth  of  this  is  to  be  credited  to  Dr.  Sumner.  This 
estimate  leaves  out  of  consideration  the  services  of  the  botanists  of  the  staff.  Dr.  Davis 
and  Miss  MacRae,  who  participated  in  the  field  work  during  the  second  and  third  sea- 
sons of  the  survey. 

The  supplementary  dredging  trips  of  later  seasons  were  in  charge  of  different  mem- 
bers of  the  laboratory  staff,  according  to  the  nature  of  the  material  sought.  During 
the  summers  of  1907  and  190S  Messrs.  D.  W.  Davis  and  C.  B.  Bennett  were  each  detailed 
for  duty  on  the  Fish  Hawk  for  a  considerable  number  of  days,  with  instructions  to  search 
for  and  preserve  all  material  belonging  to  certain  specified  groups.     The  sorting  and 
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subsequent  dispo»tion  of  these  specimens  fell  to  the  lot  of  Dr.  Sunmer.  The  tempera- 
ture and  density  determinations  of  August,  1907,  were  conducted  by  Mr.  D.  W. 
Davis,  the  series  of  November,  1907,  and  of  March  and  June,  1908,  being  carried  out 
by  Dr.  Sumner.  The  temperature  records  of  August,  1909,  for  Nantucket  Sound  and 
Crab  Ledge  were  obtained  by  Dr.  Osbum  and  Dr,  Cole.  The  systematic  shore  collect- 
ing already  referred  to  was  almost  wholly  in  charge  of  the  two  last-named  persons,  each 
supported  by  a  number  of  assistants  detailed  from  the  laboratory,  while  a  careful 
examination  of  the  fauna  of  certain  brackish  ponds  of  the  region  was  undertaken  by 
Dr.  E-  D.  Congdon. 

A  really  complete  list  of  those  who  are  entitled  to  rank  as  collaborators  in  the 
work  of  the  Survey  or  in  the  preparation  of  this  repwrt  would  include  a  lai^rnumber 
of  names  than  could  well  appear  upon  the  title-page.  Our  indebtedness  to  Mr.  Vinal 
Edwards  has  already  been  expressed,  and  the  services  of  certain  assistants  have  been 
acknowledged  in  the  discussion  of  various  phases  of  the  work.  No  inconsiderable  credit 
for  such  success  as  has  attended  our  efforts  must  be  given  to  the  commanders  of  the 
vessels  employed  during  the  dredging  operations.  Especial  mention  must  be  made  of 
the  able  services  of  Boatswain  James  A.  Smith,  United  States  Navy,  and  Lieut.  Franklin 
Swift,  United  States  Navy,  commanding  in  successive  years  the  steamer  Fish  Hawk, 
and  those  of  Mr.  Robert  N.  Veeder,  commanding  the  Phalarope. 

A  list  has  already  been  given  of  those  who  have  aided  in  the  determination  of 
species,  and  reference  has  been  made  to  the  fact  that  certain  of  these  experts  accom- 
panied many  of  the  dredging  expeditions,  or  at  least  examined  the  material  immedi- 
ately after  its  arrival  at  the  laboratory.  Thus  Messrs.  Bigelow,  Cushman,  Hargitt, 
and  Moore,  and  Misses  Rathbun  and  Richardson  were  each  present  at  the  Woods  Hole 
Laboratory  during  one  or  more  of  the  seasons  devoted  to  the  Survey  operations. 

Acknowledgment  must  here  be  made  of  the  cordial  cooperation  and  willing  help  of 
the  foregoing  persons  and  a  number  of  others  throughout  the  preparation  of  this  report. 
Each  portionof  the  annotated  list,  or  "catalogue,"  has  been  referred  to  a  specialist  for  the 
revidon  of  the  nomenclature.  In  the  main,  the  list  given  on  page  19  might  be  repeated 
with  the  following  qualifications:  To  Dr.  Dall  has  been  referred  the  portion  of  our  list 
relating  to  the  Mollusca,  with  the  exception  of  the  nudibranchs  and  the  Pyraraidellidse, 
concerning  which  Dr.  F.  M.  MacFarland  <>  and  Dr.  Paul  Bartsch,  respectively,  have 
been  consulted.  To  Miss  Rathbun  alone  we  have  referred  the  manuscript  relating  to 
the  local  decapods;  to  Prof.  Hargitt  alone  that  relating  to  the  co; lenterates;  and  to 
Dr.  Holmes  alone  the  list  of  amphipods.  Certain  specialists  not  hitherto  named  have 
likewise  been  kind  enough  to  criticize  the  classification  and  nomenclature  in  the  case 
of  various  groups  not  represented  in  the  dredging  collections.  Those  deserving  mention 
are:  Dr.  G.  M.  Allen  and  Dr.  Lynds  Jones  (birds),  Prof.  G.  N.  Calkins  (Protozoa,  other 
than  Foraminifera),  Prof.  Edwin  Linton  (parasitic  flat  worms  and  round  worms),  Mr. 
R.  W.  Sharpe  (free  living  copepods),  Dr,  Leonhard  Stejneger  (reptiles), Dr.  F.  W.  True 
(mammals).  Prof.  C.  B.  Wilson  (parasitic  copepods). 

In  the  case  of  certain  minor  groups  the  authors  of  the  report  must  themselves 
assume  responsibility  for  the  nomenclature  employed,  this  being  based  upon  the  best 
published  work  available.  Some  discussion  will  be  devoted  to  the  subject  of  classi- 
fication and  nomenclature  in  the  section  dealing  with  the  annotated  list. 

<■  Dr.  MacPirUnd  hu  goat  n  fun  topnpvi  (or  tii  BiyDDpsb  of  coDsidcnibklauUi,  Inrludlni  the  Wood*  Hok  nudibnuidn. 
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From  October,  1906,  to  December,  1909,  the  senior  author  of  this  report  was 
almost  asntinuously  in  residence  at  Woods  Hole,  engaged  in  the  task  of  compiling  the 
data  and  preparing  the  results  for  publication.  The  great  amount  of  skilled  clerical 
work  herein  involved  has  been  largely  performed  by  Miss  Edith  Chapman  and  Mr. 
James  W.  Underwood,  whose  patience  and  conscientiousness  throughout  these  monot- 
onous labors  deserve  ample  recognition.  For  the  accuracy  of  each  step  in  the  task  of 
compilation,  however,  the  senior  author  makes  himself  fully  responsible.  The  manu- 
script of  the  present  report  has  been  read  over  and  discussed  by  all  of  the  authors  and 
is  to  be  regarded  as  expressing  our  substantially  harmonious  views. 

The  next  chapter  will  consist  of  a  preliminary  discussion  of  the  various  physical 
factors  which  affect  the  marine  fauna  and  flora  of  the  region.  A  chapter  will  then  be 
devoted  to  a  statistical  analysis  of  the  results  of  the  Survey,  as  well  as  of  the  census 
of  animal  species.  Next,  the  various  groups  of  animals  will  be  discussed  separately 
and  in  greater  detail.  Following  this  an  attempt  will  be  made  to  interpret  some  of 
the  phenomena  herein  discussed,  and  to  show  the  bearing  of  our  results  upon  some  of 
the  broader  problems  of  biology.  There  will  then  follow,  in  order  of  arrangement,  a 
list  of  the  regular  dredging  stations  of  the  Survey,  the  faunal  distribution  charts  and 
the  physical  and  geographical  charts. 

Section  11  will  consist  of  a  presentation  of  the  chief  results  on  the  botanical  side, 
followed  by  the  distribution  charts  for  the  marine  algx.  Sections  iii  and  tv  will 
comprise  the  faunal  and  floral  catalogues  or  annotated  lists.  Rather  full  bibliographies 
have  been  appended,  comprising  works  relating  to  the  occurrence  of  the  various  ani- 
mal and  plant  species  at  Woods  Hole. 

There  would  have  been  much  in  favor  of  considering  the  fauna  and  flora  together 
throughout  the  present  report,  and  particularly  in  the  general  discussions  relating  to 
distribution.  Since,  however,  the  day  of  the  universal  naturalist  has  passed,  and  since 
each  one  of  us  must  content  himself  with  being  either  a  zoologist  or  a  botanist,  it  has 
not  seemed  practicable  to  throw  together  the  discussion  of  the  entire  "biota"  of  the 
region.  The  botanical  portions  of  the  work,  as  well  as  the  field  work  upon  which  they 
have  largely  been  based,  represent  the  labors  of  botanists  who  have  worked,  to  a  con- 
aderable  degree,  independently  of  the  zoologists  of  the  Staff.  Thus  we  have  thought 
it  advisable  to  present  the  results  as  far  as  possible  separately.  This  arrangement 
likewise  corresponds  to  the  difference  in  authorship  between  the  two  main  subdivisions 
of  the  work. 

The  introductory  chapter,  together  with  that  upon  environmental  conditions,  are, 
however,  just  as  essential  to  an  understanding  of  the  botanical  data  as  of  the  zoological, 
and  the  geographical  and  physical  charts  are  Ukewise  equally  related  to  both  subdivisions 
of  the  report.  Thus  the  entire  report  is,  in  a  sense,  a  unit,  and  indeed  the  zoological 
and  botanical  members  of  the  staff  have  conferred  to  a  considerable  extent  during  its 
preparation. 
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Chapter  II.— GEOGRAPHICAL  AND  PHYSICAL  CONDITIONS. 
1.  GEOGRAPHY. 

The  general  geographical  features  of  the  region  may  be  seen  at  a  glance  by  reference 
to  charts  223,  224,  and  225".  Vineyard  Sound  has  a  length  of  from  15  to  17  nautical 
miles,  depending  upon  the  limits  arbitrarily  chosen,''  and  a  width  of  from  3  to  6  nautical 
miles.  Its  main  axis  bears  from  northeast  to  southwest.  The  southeastern  boundary  is 
constituted  by  the  island  of  Marthas  Vineyard,  the  northwestern  by  the  EUzabeth  Islands 
and  for  a  short  space  by  the  mainland  of  Cape  Cod.  At  its  eastern  end  Vineyard  Sound 
passes  imperceptibly  into  the  far  ivider  Nantucket  Sound,  while  to  the  westward  it 
opens  freely  to  the  Atlantic  Ocean.  It  is  connected  with  Buzzards  Bay  by  a  series 
of  narrow  straits,  of  which  Woods  Hole  is  a  type.  Through  them  the  tidal  currents  are 
very  swift.  These  straits  separate  the  Elizabeth  Islands  from  the  mainland  and  from 
one  another.  There  are  no  streams  of  any  consequence  emptying  into  cither  Vineyard 
Sound  or  Nantucket  Sound. 

Leaving  out  of  consideration  certain  shoals  and  the  zone  immediately  adjacent  to 
the  shore  line,  the  depth  throughout  Vineyard  Sound  ranges  between  6  and  18  fathoms, 
most  soundings  lying  between  10  and  15  fathoms.  There  is  in  no  sense  a  progresave 
deepening  of  the  water  as  we  pass  toward  the  western  end  of  the  Sound,  although  some 
of  the  greatest  depths  (18  fathoms"^  occur  in  the  vicinity  of  Gay  Head  and  Cuttyhunk. 
At  least  one  sounding  as  great  as  this  has,  however,  been  made  back  of  Middle  Ground 
Shoal,  and  depths  as  great  as  17  fathoms  occur  at  more  than  one  point  in  the  eastern 
half  of  the  Sound.  As  a  rule,  the  10-fathom  line  runs  within  a  half  mile  from  shore, 
though  mention  must  be  made  of  an  elongated  shoal  reaching  well  toward  the  middle 
of  the  Sound  and  extending  throughout  about  half  its  length.  This  is  known  at  its 
eastern  end  as  the  Middle  Ground,  the  opposite  end  being  called  Lucas  Shoal.  In  the 
former  portion  the  water  may  be  no  deeper  tuan  4  feet  or  less  in  depth  at  mean  low  tide. 

Buzzards  Bay  has  a  length  of  about  25  nautical  miles,  as  measured  from  the  railway 
station  known  as  Buzzards  Bay  to  the  Hen  and  Chickens  Shoal.  Its  main  axis  is  nearly 
parallel  to  that  of  Vineyard  Sound,  from  which  it  is  separated  throughout  the  lower 
half  of  its  length  by  the  Elizabeth  Islands,  Elsewhere  it  is  bounded  by  the  mainland  of 
Massachusetts.  At  its  northern  end  and  along  its  entire  western  side  the  shore  line  of 
Buzzards  Bay  is  very  irregular,  being  indented  by  a  considerable  number  of  estuaries, 
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which  penetrate  deeply  into  the  mainland.  Some  of  these,  as  will  be  shown  later, 
furnish  con^derable  quantities  of  fresh  water  at  certEun  times  of  the  year.  The  depth 
of  Buzzards  Bay  beyond  the  "adlittoral"  zone  (see  p.  179)  ranges  from  3  fathoms  near 
its  head  to  18  or  more  fathoms  at  its  mouth.  About  a  mile  west  of  Penikese  Island 
occurs  a  deep  hole  only  recently  charted.  Here  a  depth  of  24  fathoms  has  tieen  found, 
this  being,  so  far  as  known,  the  deepest  sounding  obtainable  within  a  distance  of  10  miles 
or  more  from  land.  Throughout  most  of  its  extent,  however,  Buzzards  Bay  is  much 
shallower  than  Vineyard  Sound,  and  a  depth  of  10  fathoms  is  seldom  or  never  encoun- 
tered except  near  its  lower  end. 

The  conditions  existing  in  Buzzards  Bay  and  Vineyard  Sound  can  not  be  understood 
without  reference  to  the  adjacent  features  of  the  coast  and  the  ocean.  The  tidal  cur- 
rents, as  well  as  the  character  of  the  water,  are  doubtless  influenced  by  the  proximity 
to  the  westward  of  Narragansett  Bay  and  Long  Island  Sound.  From  the  mouth  of 
Vineyard  Sound  the  Atlantic  Ocean,  throughout  an  arc  of  about  120°,  extends  for  an 
indefinite  distance  uninterrupted  either  by  land  or  by  shoals.  The  depth,  on  the  whole, 
increases  very  gradually,  the  "continental  shelf"  extendtr^  out  to  a  distance  of  over 
75  miles  to  the  southward  of  Gay  Head,  where  the  100-fathom  line  is  encountered. 
Shortly  thereafter  an  abrupt  descent  commences.  South  of  Marthas  Vineyard  the 
3o-fathom  line  lies  10  miles  or  more  off  shore,  and  the  distance  increases  as  we  pass  to 
the  westward.  South  of  Narragansett  Bay,  however,  it  sends  a  long  slender  loop  in  a 
northeasterly  direction  toward  the  mouth  of  Vineyard  Sound,  reaching  a  point  within 
about  6  miles  of  Gay  Head. 

To  the  east  and  southeast  of  Woods  Hole  the  geographical  conditions  are  peculiar, 
and  are  highly  important  in  determining  the  nature  of  the  fauna  and  flora  on  this  part 
of  the  coast.  The  peninsula  of  Cape  Cod,  together  with  the  two  large  islands  to  the 
southward,  inclose  a  broad,  shallow  body  of  water — Nantucket  Sound.  This  attains  a 
high  temperature  during  the  summer  months,  and  doubtless  in  large  degree  influences 
the  temperature  of  Vineyard  Sound,  with  which  its  waters  mingle  freely  as  a  result  of 
tidal  currents  (p.  36).  It  is  posdble,  also,  as  has  been  held  by  certain  writers,  that  Cape 
Cod,  together  with  Nantucket  and  its  associated  shoals,  constitute  a  barrier  which 
deflects  a  well-defined  cold  ocean  current  away  from  the  mainland  of  the  continent. 
Whether  or  not  this  is  true,  it  is  an  undoubted  fact  that  the  coastal  water  temperatures 
to  the  east  and  north  of  Cape  Cod  are  much  tower  during  the  summer  months  than 
are  those  immediately  to  the  south  of  it.  The  resulting  faunal  differences  will  be  dis- 
cussed elsewhere,  and  the  temperature  conditions  will  likewise  be  considered  more  fully 
in  another  place. 

2.  CHARACTER  OF  THE  SHORES  AND  BOTTOMS. 

The  dominant  feature  of  the  shores  and  bottoms  along  this  section  of  the  coast  is 
the  glacial  debris.  Although  the  main  outlines  of  the  land  topography  of  this  region 
may  be  preglacial,  as  Shaler  (1898)  contends,  there  are  extensive  mor^nal  deposits 
upon  Nantucket,  Marthas  Vineyard,  and  the  Elizabeth  Islands,  as  well  as  on  neighboring 
parts  of  the  mainland.  Indeed,  a  large  part  of  the  local  shore  line  and  sea  bottom  still 
consists  of  practically  unaltered  glacial  boulders  and  gravel,  which  have  been  subjected 
for  only  a  comparatively  brief  period  to  erosion  and  transportation  by  waves  and  cur- 
rents.    Even  the  Middle  Ground  in  Vineyard  Sound  is  regarded  by  Shaler  as  "a  bit  of 
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submerged  land  topography."  and  not  as  the  creation  of  currents  acting  upon  shifting 
sands.  Sandy  beaches  are  common  upon  the  ocean  shores  of  Marthas  Vineyard  and 
Nantucket,  where  the  surf  is  heavy  and  erosion  is  known  to  be  progressing  rapidly. 
Elsewhere  within  our  region  stones  and  gravel  are  a  characteristic  feature  of  the  shore 
line.  Commonly,  this  coarser  material  extends  down  the  beach  to  low-tide  mark  or 
beyond,  being  succeeded  by  a  gently  sloping  sand  flat,  more  or  less  interspersed  with 
scattered  stones  and  boulders.  In  places  where  the  shores  are  not  too  steep  the  stony 
belt  gives  place  on  its  landward  side  to  a  sandy  beach  of  varying  breadth,  or  the  littoral 
zonation  may  at  times  be  even  more  complex.  On  the  other  hand,  there  are  many 
tracts  of  shore  where  this  phenomenon  is  not  manifest  at  all,  the  entire  shore  and  the 
adjacent  sea  bottom,  so  far  as  visible,  being  wtiolly  stony.  Mud,  largely  of  organic 
origin,  occurs  in  abundance  in  bays  and  inclosed  waters  which  are  not  swept  by  tidal 
currents. 

At  certain  points  within  our  area  pregladal  formations  have  become  exposed. 
As  the  most  conspicuous  instances  of  this  we  may  dte  the  cliffs  of  colored  clay  at  Gay 
Head  and  the  outcroppings  of  granitic  rock  in  the  vicinity  of  New  Bedford  Harbor.  These 
last  represent  a  formation  ' '  which  probably  in  large  part  constitutes  the  foundation  rocks 
beneath  the  sea  and  under  the  islands  which  lie  to  the  north  of  Marthas  Vineyard." 
{Shaler,  1888,  p.  323.)  This  formation  is  the  probable  source,  according  to  Shaler,  of 
the  glacial  bowlders  of  Marthas  Vineyard.  Passing  reference  may  be  made  here  to 
Shaler's  hypothesis  that  Buzzards  Bay  and  Vineyard  Sound  each  represents  the  sub- 
merged valley  of  a  former  river.  It  does  not  lie  within  the  province  of  this  report, 
however,  to  consider  the  various  problems  relating  to  local  geology." 

As  regards  bottom  characters,  Vineyard  Sound  and  Buzzards  Bay  stand  in  striking 
contrast  to  one  another.  In  the  former,  stones,  gravel,  and  sand  predominate;  in  the 
latter,  mud.  These  differences  are  very  readily  explained.  Vineyard  Sound  is  «)n- 
stantly  swept  by  strong  tidal  currents,  which  prevent  the  accumulation  of  fine  deposits 
except  in  sheltered  bays,  such  as  Tarpaulin  Cove  and  Menemsha  Bight.  Buzzards  Bay, 
on  the  other  hand,  being  open  only  at  the  lower  end,  is  not  subjected  to  such  a  thorough 
scouring  by  the  tides  (see  p.  37).  and  here,  therefore.  large  deposits  of  mud  occur,  as. 
indeed,  they  do  at  all  points  on  the  sea  bottom  off  shore  at  depths  which  are  beyond  the 
influence  of  currents.  Moreover,  there  open  into  Buzzards  Bay  a  number  of  rather 
large  estuaries,  which  doubtless  furnish  much  of  the  material  which  becomes  deposited 
as  mud.  It  has  been  shown  that  silt  so  fine  as  to  remain  for  a  long  period  in  suspension 
in  fresh  wafer  is  soon  precipitated  when  mixed  with  sea  water.  (Allen,  1899,  p.  380.) 
Thus  it  is  evident  that  a  considerable  part  of  the  suspended  material  from  the  brackish- 
water  estuaries  which  empty  into  the  northern  and  western  parts  of  Buzzards  Bay  must 
settle  to  the  bottom  before  it  can  be  transported  to  any  great  distance. 

One  of  the  data  recorded  at  each  dredging  station  was  the  nature  of  the  bottom 
so  far  as  revealed  by  the  sample  brought  up.  The  classification  was  a  very  rough  one, 
and  it  must  be  freely  confessed  that  it  could  have  been  greatly  improved.  The  follow- 
ii^  were  the  principal  ingredients  recognized:  (i)  Sand;  (2)  gravel  (referred  to  as 
"pebbles"  when  fine);  (3)  stones;  {4)  shells;  (5)  mud.  These  ingredients  occurred 
dngly  or  in  almost  any  combination. 

■  The  nodti  ii  rdcmd  to  Shilcr'i  two  pipcn  ilnadv  dted. 
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Referring  to  the  first  three  heads,  it  must  be  stated  that  the  ordinary  glacial  drift 
of  the  repon,  like  that  which  is  distributed  so  widely  elsewhere,  consists  of  a  mixture, 
in  varying  proportions,  of  sand,  gravel,  and  stones.  These  three  terms  are  not  employed 
in  the  same  definite  sense  as  they  are,  for  example,  by  E.  J.  Allen  {1899).  This  writer 
restricts  the  word  "sand"  to  mixtures  of  particles  the  coarsest  of  which  will  pass  through 
a  I  ^  mm,  sieve,  the  finest  passing  through  a  %  mm.  sieve,  but  not  remaining  in  suspen- 
sion for  more  than  one  minute  in  sea  water.  Under  this  main  class  he  rec(^;nizes  three 
subdivisions.  "Gravel"  (also  subdivided  into  "fine,"  "medium,"  and  "coarse")  com- 
prises aggregations  of  particles  ranging  from  1.5  mm.  to  15  mm.  in  diameter.  Any 
inorganic  material  coarser  than  this  was  listed  by  him  as  "stones."  Our  use  of  these 
terms,  though  far  less  precise  than  Allen's,  we  believe  to  correspond  more  nearly  with 
common  usage.  In  many  cases  our  "sand"  would  probably  comprise  Allen's  finer 
grade  of  "gravel,"  and  our  "gravel"  would  comprise  much  which  he  would  term  "stones." 
Thus  stones  which  were  frequently  as  large  as  an  inch  or  more  in  diameter  were  con- 
sidered as  belonging  to  the  "gravel." 

The  truth  is  that  any  such  classification  is  arbitrary,  and,  unless  actual  measure- 
ment is  employed,  as  has  been  done  by  Petersen  and  by  Allen  and  Worth,  these  designa- 
tions must  be  extremely  ambiguous.  Moreover,  it  is  very  doubtful  whether  an  exact 
classification,  such  as  the  foregoing,  would  be  of  any  service  in  the  case  of  our  local  sea 
bottoms,  which  vary  so  much,  even  within  the  limits  of  a  single  dredge  haul."  As  will 
be  pointed  out  later,  the  nature  of  the  methods  employed  renders  it  possible  to  state 
with  only  a  rough  degree  of  approximation  the  extent  of  the  correlation  between  the 
distribution  of  a  given  species  and  the  character  of  the  sea  floor. 

Another  source  of  difiiculty  relates  to  the  character  of  dredge  employed  at  a  given 
station.  A  canvas  hag  (p.  17)  would  retain  all  of  the  ingredients,  and  this  could  be 
washed  and  sifted  and  properly  described.  Such  a  small  bag  would  frequently  fill  almost 
immediately.however,  and  thusfail  to  represent  the  entire  course  of  the  haul.  During  the 
earlier  portion  of  the  work  the  sample  was  commonly  collected  by  an  ordinary  dredge 
net  having  a  very  close  mesh  at  the  bottom.  It  is  obvious  that  if  the  mixture  consisted 
of  sand  and  gravel,  much  of  the  former  might  be  lost  during  the  reehng  in  of  the  dredge 
line,  and  that  the  sample  might  be  listed  as  merely  "gravel, "whereas  sand  predominated 
at  the  outset.  On  the  other  hand,  a  sample  in  which  Sand  predominated  was  doubtless 
at  first  often  listed  as  "sand  "  in  cases  where  careful  washing  would  have  revealed  the 
presence  of  small  proportions  of  gravel  or  shells.  The  beam  trawl,  having  no  cutting 
edge,  and  having  a  net  with  a  wide-meshed  bottom,  would  bring  up  merely  the  loose 
stones  lying  freely  upon  the  surface.  Thus  the  "stony"  bottoms  of  the  earlier  records 
may  in  some  cases  have  included  a  certain  prof)ortion  of  sand  and  fine  gravel,  though 
such  cases  are  probably  infrequent,  since  the  beam  trawl  was  commonly  not  used  upon 
bottoms  known  to  be  stony.  Where  no  stones  appeared  in  the  trawl  net  it  was  usually 
assumed,  in  the  absence  of  data  to  the  contrary,  that  the  bottom  was  sandy.  However, 
as  already  stated,  a  small  dredge  was  generally  used  along  with  the  beam  trawl. 
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I^arge  beds  of  nearly  pure  sand  are  without  doubt  comnion  in  Vineyard  Sound, 
and  are  occasionally  met  with  even  in  Buzzards  Bay.  Such  are  the  great  shoals  (rf 
shifting  sand  of  which  Middle  Ground  in  Vineyard  Sound  is  a  fair  sample.  These  are 
veritable  submarine  deserts,  often  being  almost  devoid  of  life.  Despite  Shaler's  asser- 
tion that  in  Vineyard  Sound  "the  amount  of  sand  at  the  disposition  of  the  currents  and 
waves  is  not  large,"  we  believe  that  such  transportation  is  sufficiently  active  in  some 
localities  to  be  a  determining  factor  in  distribution.  In  the  vicinity  of  Middle  Ground 
and  Lucas  Shoal  we  have  frequently  observed  the  water  to  be  rendered  turbid  by  sand 
and  fine  shell  fragments  which  had  been  brought  up  by  the  currents  from  a  depth  of 
several  fathoms. 

Beds  of  dead  shells,  accompanied  by  sand,  gravel,  or  mud,  occurred  frequently, 
both  in  the  Bay  and  in  the  Sound.  These  sometimes  represented  extinct  mussel  beds, 
though  the  shells  of  Spisitla  solidissima.  Area  transversa,  Venus  mercenaria,  Veneri- 
cardia  horealis,  Astarte  casianea,  Callocardia  morrhuana,  Anomia  simplex,  Pecten  gibbus, 
and  other  lamellibranchs  sometimes  occurred  in  great  quantities.  Among  the  gastro- 
pods, Crepiduia  jornicaia  is  perhaps  the  only  one  which  contributed  materially  to  shell 
deposits,  although  the  shells  <^  many  of  the  commoner  species,  occupied  by  hermit 
crabs,  are  frequently  taken  in  great  numbers. 

Under  "mud"  is  included  a  considerable  diversity  of  material,  differing  in  origin  and 
in  chemical  composition,  but  agreeing  in  consistency  and  in  general  appearance.  In  a 
few  cases  the  deposits  represented  upon  the  chart  by  the  conventional  shading  for  mud 
are  fairly  pure  clay.  Beds  of  this  last  material  occur,  as  is  well  known,  at  Gay  Head  and 
the  neighboring  parts  of  Marthas  Vineyard,  and  outcroppings  of  it  are  met  with  along  the 
shores  at  various  points  within  the  region.  In  the  course  of  the  dredging  clay  was  brought 
up  in  Vineyard  Sound  near  the  island  of  Cuttyhunk.  Most  of  the  mud,  however,  is 
composed  in  considerable  part  of  organic  matter.  It  is  dark  in  color,  and  frequently  has 
an  offensive  smell.  It  may  be  either  sticky  or  semifluid  or  it  may  contain  enough  sand  to 
alter  the  texture  visibly.  According  as  the  mud  or  sand  seemed  to  predominate  in  such 
a  mixture,  it  was  listed  as  "sandy  mud"  or  "muddy  sand."  Sometimes  such  mixtures 
were  called  "sand  and  mud;"  and  in  all  probability  the  sand  was  at  times  overlooked, 
and  the  deposit  was  listed  merely  as  "  mud."  Indeed,  it  is  likely  that  almost  any  sample 
of  mud,  however  pure  in  appearance,  would  be  found  upon  careful  sifting  or  decanting 
to  contain  a  certain  percentage  of  sand,  and  sometimes  small  amounts  of  fine  gravel  or 
shell  fragments. 

It  had  been  our  expectation  to  include  in  another  chapter  of  this  work  the  results  of 
petrological  and  chemical  analyses  of  the  various  bottom  deports,  undertaken  by  Prof. 
Gilbert  Van  Ingen,  of  Princeton  University.  Thus  far,  however.  Prof.  Van  Ingen  has 
failed  to  complete  his  report  upon  these  deposits,  and  its  pubUcation  must  therefore  be 
deferred.  The  specimens  upon  which  these  analyses  have  been  based  were  collected  in 
1905  during  the  third  series  of  dredgings  by  the  Fiih  Hawk  in  Vineyard  Sound  and 
in  the  course  of  some  supplementary  dredging,  during  the  following  summer,  in  Buzzards 
Bay.  Satisfactory  bottom  samples  from  the  earlier  dredgings  had  not  been  preserved. 
In  the  present  instance  they  were  obtained  exclusively  by  the  use  of  a  canvas  bag,  which 
prevented  the  washing  out  of  the  finer  constituents.  The  larger  ingredients,  such  as 
stones  and  lai^e  shells,  were  not,  however,  included  in  these  samples  preserved,  so  that 
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such  analyses,  while  highly  valuable  as  studies  in  mineralogy,  would  not  alone  give  a 
fair  idea  of  the  respective  bottom  areas  considered  as  the  habitats  of  living  beings. 

The  chart  showing  bottom  characters  represents  rather  crudely  the  condition  of  the 
floor  of  Buzzards  Bay  and  Vineyard  Sound,  certain  conventional  modes  of  shading 
being  adopted  to  represent  the  chief  ingredients.  The  circles  having  a.  composite  shading 
are  commonly  divided  into  equal  halves  or  thirds,  as  if  the  various  constituents  were 
present  in  equal  amounts.  This  results  from  the  iraperfections,  in  this  regard,  of  the 
records  upon  which  this  cliart  is  based.  In  the  plotting  of  these  circles,  likewise,  it  has 
been  necessary  to  adjust  the  position  of  each  to  that  of  its  neighbors,  with  the  result  that 
in  certain  cases  the  symbol  is  removed  some  distance  from  the  bottom  designated.  This 
is  particularly  true  of  the  adlittoral  {Phalarope  and  Blue  Wing)  stations. 

Excluding  a  more  or  less  narrow  adlittoral  zone,  the  bottom  area  here  portrayed 
divides  itself  into  three  main  regions : " 

(i)  Vineyard  Sound,  from  its  eastern  end  to  a  transverse  line  of  division  passing 
at  a  level  somewhere  between  Tarpaulin  Cove  and  Robinsons  Hole.  Here  the  pre- 
dominant feature  is  the  presence  of  gravel  and  stones.  This  area,  it  is  true,  contains 
one  extensive  shoal  of  sand,  the  so-called  Middle  Ground,  and  many  other  sandy  areas. 
In  the  bays  mud  likewise  occurs. 

(2)  Vineyard  Sound  from  the  line  above  referred  to  to  its  western  end.  Here  the 
bottom  is  predominantly  sandy,  though  gravel,  stones,  and  mud  occur  in  places.  The 
presence  of  shell  beds  does  not,  of  course,  exclude  the  occurrence  of  an  underlying  bottom 
of  sand. 

(3)  Buzzards  Bay  as  a  whole.  Here  mud  predominates,  except  close  to  the  eastern 
shore,  and  at  the  extreme  lower  end.  The  latter  might  be  regarded  as  an  independent 
area,  but  it  seems  scarcely  large  enough  to  warrant  this. 

The  inshore  (adlittoral)  dredgings  reveal  in  many  cases  a  distinctly  different  type 
of  bottom  from  that  of  the  adjacent  deeper  waters;  and  various  restricted  areas  of  one 
or  another  kind  of  bottom  may  be  found  almost  anywhere. 

Owing  to  the  methods  employed,  it  is  evident  that  the  correlation  of  bottom  charac- 
ters with  the  distribution  of  species  can  be  indicated  with  only  rough  approximation. 
During  a  given  haul  the  dredge  passes  over  a  considerable  stretch  of  sea  floor  and  mav 
collect  samples  of  several  totally  different  sorts  of  material.  Organisms  may  likewise  be 
collected  from  all  points  in  this  path.  To  determine  by  such  means  the  kind  of  bottom 
proper  to  every  species  encountered  is  obviously  impossible.  A  species  may  appear  in 
the  records  as  coming  from  "  sand,"  whereas  it  may  have  been  scraped  from  the  surface 
of  large  stones  at  any  point  during  the  haul.  Only  the  broader  correspondence  between 
the  larger  areas  in  which  certain  types  of  bottom  predominate,  and  the  general  dis- 
tribution of  the  species  in  question,  is  commonly  to  be  regarded  as  significant.  Again, 
when  certain  organisms  are  listed  from  certain  types  of  bottom,  the  inference  must  not 
always  be  drawn  that  such  bottoms  themselves  constitute  its  true  habitat.  Thus 
encrusUng  Bryozoa,  which  occurs  upon  shells,  or  algae,  are  frequently  listed  from 
bottoms  of  sand  or  even  mud. 

■  Time  diTisioos  do  not  correspond  to  tboie  remaniied  inlhc  botaniciIiKtloiirithla  report.    Ot  the  lallK  Ihtre  ate  five. 
16169°— Bull.  31.  Pt-  '—'3 3 
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3.  CURRENTS  AND  TIDES. 

The  first  currents  which  concern  us  are  two  of  the  great  permanent  streams  which 
maint^n  the  drculation  of  the  ocean,  namely,  the  Gulf  Stream  and  the  southwardly 
flowing  Labrador  Current.  Off  the  Massachusetts  coast,  the  Gulf  Stream  is  first  encoun- 
tered at  a  distance  of  about  85  nautical  miles  south  of  Marthas  Vineyard  and  Nantucket ; 
that  is,  just  beyond  the  edge  of  the  continental  shelf.  Its  distance  from  shore  varies  from 
year  to  year,  and  even  during  lesser  periods.  It  has  been  shown  by  Ubbey  (1895)  that 
the  Gulf  Stream,  during  this  part  of  its  course,  at  least,  presents  by  no  means  a  regular 
outline  in  crosssection,  but  exhibits,  on  its  coastal  side,  a  wall  having  very  roughly  the 
contour  of  an  inverted  S.  Its  lower  boundary,  which  Libbey  identifies  approximately 
with  the  50°  (F.)  curve,  sends  a  projection  coastward  between  the  adjacent  colder  zone 
and  the  bottom,  while  at  a  higher  level  the  cold  stratum  referred  to  projects  seaward 
into  the  midst  of  the  wanner  water  of  the  Gulf  Stream.  (See  Libbey's  fig.  1-21.) 
This  brings  about  the  result  that  throughout  a  narrow  strip  along  the  continental  declivity 
the  latter  is  bathed  by  warmer  water  than  it  would  otherwise  be  exposed  to,  and  con- 
sequently supports  a  different  fauna. 

A  not  wholly  convincing  illustraUon  of  the  dependence  of  the  fauna  of  this  section 
of  the  ocean  upon  the  chance  relarions  of  these  temperature  zones  is  offered  by  the  case 
of  the  well-known  tilefish,  which  suddenly  disappeared  from  the  edge  of  the  continental 
platformforaperiodof  about  10  years.  (See  Collins,  1884;  Verrill,  1884;  Libbey,  1895; 
Bumpus,  1899.)  Its  extermination  was  first  revealed  by  the  presence,  during  the  spring 
of  1882,  of  enormous  numbers  of  the  dead  fishes  floating  upon  the  surface  of  the  sea 
throughout  a  belt  parallel  to  the  coast  and  about  170  miles  in  length.  At  the  same  time 
Verrill  (1884,  p.  656)  reported  the  "scarcity  or  absence  of  many  of  the  species,  especially 
of  Crustacea,  that  were  taken  in  the  two  previous  years,  in  essentially  the  same  localities 
and  depths  in  vast  numbers — several  thousand  at  a  time."  Verrill  accounted  for  this 
wholesale  destruction  of  life  by  the  occurrence  of  a  heavy  storm,  which  he  believed  to 
have  "forced  outward  the  very  cold  water  that,  even  in  summer,  occupies  the  wide  area 
of  shallower  sea,  in  less  than  60  fathoms,  along  the  coast,  and  thus  caused  a  sudden 
lowering  of  the  temperature  along  this  narrow,  comparatively  warm  zone,  where  the 
tilefish  and  the  Crustacea  referred  to  were  formerly  found."  Libbey  has  endeavored  to 
correlate  the  reappearance  of  the  tilefish,  about  1892,  with  a  change  in  the  portion  of  the 
50°  curve;  and,  indeed,  the  first  successful  search  for  the  fish  after  the  catastrophe  of 
1882  was  suggested  by  the  discovery  of  changed  temperature  conditions. 

But  the  influence  of  the  Gulf  Stream  extends  much  nearer  to  the  coast  than  the 
edge  of  the  continental  shelf,  and  without  doubt  affects  our  local  faunal  conditions. 
The  presence  nearly  every  year  in  Vineyard  Sound  of  considerable  masses  of  the  Sar- 
gassum  baccijcrum.  mth  its  attendant  fauna,  shows  that  strong  southerly  winds  may 
drive  the  surface  water  of  the  Gulf  Stream  as  far  as  the  m^nland  of  Massachusetts.* 
.\nd,  apart  from  these  occasional  and  obvious  effects,  it  is  probable  that  the  warm  current 
exerts  a  constant  influence  upon  the  coastal  waters  of  southern  New  England,  the  two 
undergoing  a  certain  degree  of  intermingling  as  a  result  of  winds  and  rides.     Indirectly, 

on  IhcVuKlvil  Sound  l.iibtslup(Ruhbua.  iB)l;),iDuthii«Cn'ly  idadiBnIiniDdtobctheiiu»tlRqu«iloncidiiRn(UwiiiD&Uu 
oi  April  to  Scptmbrr,  iachuivc.  At  Nutodet,  ■!»,  mccmdinitotbc  rqnrt  at  tbeCUd  of  tbe  WetUwi  Bnttau  I<]ri9e«-is, 
the  pKvuIui  diNctkn  ol  the  wind  Inan  limy  to  Stptemba,  inchnive.  i*  wuthweR. 
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also,  through  its  influence  upon  the  atmosphere,  the  Gulf  Stream  must  have  a  very 
pronounced  effect  in  tempering  the  climate  of  this  section  of  the  coast,  and  this  mthout 
doubt  reacts  upon  the  local  sea  areas. 

As  regards  the  presence  of  a  definite  southward-Bowing  cold  current  on  the  New 
England  coast,  there  seem  to  be  decided  differences  of  opinion.  According  to  the 
prev^ling  view,  the  Polar  or  Labrador  Current  may  be  detected  along  practically  the 
entire  Atlantic  coast  of  the  United  States.  A  condse  statement  of  this  view  has  been 
furnished  us  by  the  Navy  Department : 

A  cold  current  originating  in  high  northern  latitudes  flows  down  past  Labrador  and  Newfoundland, 
after  which  a  portion  trends  away  toward  the  southward  over  the  Grand  Banks,  past  Nova  Scotia,  and 
on  southward  in  a  nanowiog  belt  as  far  even  as  the  coast  of  Florida.  From  Sable  Island  to  Florida 
its  course  is  in  general  parallel  to  the  Gulf  Stream,  near  which  it  presents  the  frequent  phenomenon  . 
of  oold  water  welling  up  bom  below.  In  the  shallower  waters  d  the  coast  this  colder  current  gives 
way  to  tidal  influences  wbicli  prevail  to  seaward  over  a  wide  area  east  of  Nova  Scotia,  througbout  the 
entire  Gulf  of  Maine,  and  over  Georges  Bank  and  Nantucket  Shoals. 

Similar  views  are  embodied  in  a  number  of  different  pubUcations  of  the  Hydro- 
graphic  Office  and  Coast  Survey  and  in  certain  Government  charts.  (E.  g..  Current 
Chart  of  the  North  Atlantic  Ocean,  No.  1308,  pub.  1892.)  They  appear  likewise  in 
various  popular  accounts  and  atlases.  (See  Boguslawski,  1884,  p.  269-273;  Bogus- 
lawskt  and  Krtmimel,  1887,  p.  436,  437.)  This  assumption  of  a  continuation  of  the 
Labrador  Current  along  the  southern  shore  of  New  England  was  made  by  Libbey,  who 
thus  iilterpreted  the  temperature  relations  which  he  observed  there.  Indeed,  Libbey 
believed  that  the  line  between  the  two  currents  could  often  be  seen  from  the  deck  of  a 
vessel.  (Libbey,  1891a,  p.  236.)  Various  biologists  also,  including  Packard  and  Verrill, 
have  invoked  the  aid  of  this  northern  current  in  endeavoring  to  explain  certain  phe- 
nomena of  geographical  distribution .  Verrill  (1871,  p.  358),  indeed,  believed  that  he 
fotmd  evidences  of  an  offshoot  of  the  Labrador  Current  extending  for  some  distance 
into  Long  Island  Sound. 

According  to  another  view  of  the  case,  the  Labrador  Current  can  not  be  traced 
farther  south  than  Newfoundland,  along  the  American  coast,  and  has  no  connection 
with  the  "cold  wall"  or  belt  of  cooler  water  lying  between  the  Gulf  Stream  and  the 
shoresof  the  United  States.  It  is  held  by  Schott  (1897,  p.  304-208;  see  also  Supan, 
1903,  p.  395)  that  such  southward-Sowing  cold  water  as  is  fotmd  along  the  New  Eng- 
land coast  comes  mainly  from  the  Gulf  of  St.  Lawrence;  that  the  extent  of  this  fiow  is 
but  slight,  and  that  the  presence  of  the  "cold  wall"  is  largely  a  contrast  phenomenon, 
due  to  the  presence  of  the  wanner  Gulf  Stream  beyond. 

Whether  or  not  there  occurs  along  the  southern  coast  of  New  England  a  definite 
coldcnrrent  of  any  considerable  velocity,  and,  if  so,  whether  this  current  is  a  continuation 
of  the  Labrador  Stream,  are  matters  of  subordinate  importance  for  our  understanding 
of  the  biology  of  this  region.  The  undisputed  facts  in  the  case  seem  to  be  that  there 
is  a  belt  of  relatively  cold  water  lying  between  the  Gulf  Stream  and  the  New  England 
shores,  and  that  in  summer  this  belt  has  a  temperature  very  much  lower  than  that  of 
the  waters  immediately  skirting  the  coast,  particularly  those  of  the  partially  inclosed 
bays  and  soimds,  with  whose  fauna  we  have  at  present  to  deal.  There  is  evidence,  also, 
that  north  of  Cape  Cod  this  cold  belt  reaches  the  shores  of  the  mainland  itself  and 
directly  influences  the  littoral  fauna;  while  south  of  Cape  Cod  it  hes  at  some  distance 
from  the  mainland,  though  its  presence  is  felt  upon  the  outlying  shores  of  Marthas 
Vineyard  and  Nantucket.     Referring  to  the  temperature  charts  for  the  northwestern 
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Atlantic  (charts  230,  221,  222),  it  will  be  seen  that  during  the  months  of  June  to  Sep- 
tember, inclusive,  the  waters  of  I/Jng  Island  Sound  and  those  at  the  station  just  south 
of  Buzzards  Bay  have  a  temperature  several  degrees  higher  than  that  of  the  first  two 
stations  to  the  eastward  of  these  points.  Farther  yet  to  the  eastward,  however,  the 
temperature  again  rapidly  rises,  owing  to  the  presence  of  the  Gulf  Stream.  The  local 
relations  will  be  discussed  more  fully  in  the  next  section  of  this  chapter. 

In  addition  to  these  great  ocean  streams,  the  local  currents  due  to  tides  are  very 
important  in  determining  the  fauna  and  flora  of  our  waters.  Tidal  currents  of  sufficient 
velocity  to  be  reckoned  with  by  mariners  occur  at  considerable  distances  offshore 
and,  when  deflected  and  concentrated  by  features  of  the  coast  line  or  by  shoals,  their 
velocity  may  be  \ery  great.  In  Woods  Hole  Passage,  for  example,  they  attain  the 
speed  of  S  miles  per  hour  at  spring  tide.  Such  rapidly  flo^^i^g  currents,  where  the 
water  is  shallo^v  and  the  bottom  rocky,  must  result  in  a  \'ery  high  degree  of  oxygenatioa 
of  the  water.  Moreover,  a  rapid  current,  of  course,  bears  a  more  abundant  food  supply 
to  those  fixed  or  slow-moving  organisms  which  depend  for  their  food  upon  minute 
particles  brought  to  them  passively,  or,  as  is  the  case  with  plants,  upon  gases  or  other 
substances  in  solution.  Accordingly,  we  find  beds  of  mussels  and  luxurious  growths 
of  anemones,  ascidians,  hydrozoa,  bryozoa,  and  alga  in  some  of  these  tidal  streams. 
On  the  other  hand,  tidal  and  other  currents  undoubtedly  have  a  deleterious  influence 
upon  certain  other  ot^nisms,  which,  through  their  agency,  may  become  buried  in  sand 
or  mud. 

But  the  most  widely  prevailing  effect  of  the  tides  locally  is  the  continual  mixing  of 
the  warmer  {in  summer),  less  dense,  and  relatively  impure  water  of  the  coast  line  with 
the  unlimited  reservoir  of  cooler  and  purer  water  offshore.  An  idea  of  the  magnitude 
of  this  process  may  be  gained  by  considering  the  rate  of  tide  flow  in  Vineyard  Sound. 
This  is  as  high  as  2,6  knots  per  hour  in  the  middle  of  the  channel  at  the  time  of  maximum 
velocity  of  the  current.  It  is  stated  that  "an  object  set  adrift  at  the  time  of  slack  before 
flood  will  be  carried  7  sea  miles  eastward  before  the  reversal  of  the  current,  and  an  object 
set  adrift  at  the  time  of  slack  before  ebb  will  be  carried  9  sea  miles  westward  before  the 
beginning  of  the  flood  stream.""  Thus  a  certain  part  of  the  water  at  least  travels  a 
distance  of  one-half  or  more  of  the  length  of  Vineyard  Sound  during  a  single  phase  of  the 
tide.  Owing  to  the  retardation  due  to  the  friction  of  the  shores  and  bottom,  the  mean 
sectional  velocity  would  perhaps  not  exceed  half  the  figures  stated  above.  Even  so, 
however,  the  water  throughout  the  entire  section  would  be  displaced  on  the  average  to 
the  extent  of  3K  nautical  miles  during  the  flood  phase  and  to  the  extent  of  4>i  miles  during 
the  ebb. 

There  would  thus  be  anet  westerly  movementof  the  water  amounting  to  about  i  knot 
duringeach  complete  tidal  cycle,  or  about  2  knots  in  24  hours.  Were  this  the  only  factor 
concerned,  it  would  thus  require  about  eight  days  to  completely  replace  the  water  of 
Vineyard  Sound.  In  reality  the  ocean  water  brought  in  during  the  flood  tide  constantly 
mixes  with  that  already  present  in  the  Sound,  and  this  process  of  diffusion  must  result 
in  a  fairly  rapid  renewal  of  the  latter,  quite  independently  of  the  transfer  of  water  result- 
ing from  the  predominance  of  the  westerly  current.  It  seems  likely,  therefore,  that  a 
week  would  much  more  than  suffice  to  bring  about  a  practically  complete  change  of 
water  in  Vineyard  Sound.     Obvioush',  the  conditions  are  much  less  simple  in  reality 
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than  is  implied  in  such  a  computation,  for  the  rate  of  renewal  is  very  different  in  different 
parts  of  the  Sound.  The  more  central  portion  of  the  stream  would  enter  to  a  much 
greater  distance  than  that  close  to  shore,  while  the  waters  contained  in  various  depres- 
sions <rf  the  bottom  (if  we  may  judge  from  temperature  considerations)  are  probably 
renewed  at  a  comparatively  slow  rate. 

In  Buzzards  Bay  the  change  is  in  all  probability  much  more  slow,  owing  to  the  fact 
that  this  body  of  water  communicates  with  the  ocean  at  one  end  only,  and  that  its  mouth 
is  very  narrow  in  proportion  to  the  total  area  of  the  Bay.  Here  there  plainly  can  be  no 
such  continuous  displacement  in  one  direction  as  was  found  to  occur  in  \'ineyard  Sound, 
and  the  renewal  must  be  effected  entirely  through  the  mixture  of  waters  resulting  from 
the  ebb  and  flow  of  the  tide.  The  amplitude  of  the  tides  is,  however,  considerably 
greater  in  the  Bay  than  in  the  Sound.  Since  the  mean  depth  of  the  former  is  much  less 
than  that  of  the  latter,  a  proportionally  larger  degree  of  change  must  result  from  this 
cause.  The  mean  depth  of  Buzzards  Bay,  as  computed  from  the  91  soundings  indicated 
upon  the  chart  contained  in  the  Atlantic  Coast  Pilot,  part  in,  is  a  little  over  41  feet. 
The  average  rise  and  fall  of  the  tide  in  Buzzards  Bay  is  about  4  feet.  Thus  the  amount 
of  water  brought  in  by  the  flood  tide  is  equal  to  about  one-tenth  of  the  total  volume 
already  contained  in  the  Bay.  To  what  degree  this  ocean  water  mixes  with  that  already 
present  in  the  Bay,  and,  conversely,  what  proportion  of  the  water  which  leaves  the  Bay 
on  the  ebb  tide  consists  of  that  which  entered  on  the  previous  flood,  would  be  impossible 
to  determine  even  approximately.  Assuming  that  as  much  as  one-half  of  this  remains 
behind,  which  seems  an  extreme  supposition,  then  the  entire  Bay  would  require  30  tides 
or  10  days  to  effect  a  complete  renewal.  On  the  whole,  therefore,  it  seems  likely  that 
the  average  rate  at  which  the  water  is  renewed  in  Buzzards  Bay  is  not  over  half  that 
which  obtains  in  Vineyard  Sound. 

It  is  obvious,  however,  that  this  renewal  of  water  would  take  place  at  quite  different 
rates  in  different  parts  of  the  Bay.  Near  the  mouth  the  change  is  probably  much  more 
rapid  than  the  above  figures  would  imply,  while  at  its  head  the  renewal  of  water  is 
probably  far  slower.  Likewise  the  surface  water  is  probably  changed  at  a  much  more 
rapid  rate  than  are  the  lower  strata.  It  must  be  remembered,  also,  that  it  is  not  pure 
ocean  water  which  enters  either  the  Bay  or  the  Sound,  but  coastal  water,  which  has  been 
contaminated  during  previous  ebb  tides.  Nevertheless,  even  such  crude  estimates 
may  be  of  service  in  showing  the  relative  stagnancy  of  the  two  bodies  of  water  under 
consideration. 

A  feature  of  great  importance  in  determining  the  character  of  the  local  littoral  fauna 
and  flora  is  the  slight  amplitude  of  the  tides  throughout  the  entire  region.  A  table  will 
best  illustrate  the  amplitude  of  the  mean,  spring, and  neap  tidesat  1 1  representative  points. 


%■« 

Sprini. 

N-«,p. 

:   McsD. 

Spring. 

N'«p. 

F«i. 

F«i, 

'     F,„. 

F«,. 

F,€l. 

N«w  Bedford 

*■• 

S-' 

j-i  . 

ViiKy.nl  H.V01 

..'           ,,, 

I.. 

Woadi  Hole  (Bay  lide} 

Woods  Hole  (Sound  sidr)  . . 

Mtmlhal  Bty  (Vatpon)      .. 

»■« 

CWtylnnik 

1.6 

3.1 

J.  a 

G«y  BMd 

1.0 

3.7 

.Google 


38  BULLETIN  OF  THE  BUREAU  OP  FISHERIES. 

The  resulting  narrowness  of  the  littoral  (intertidal)  zone  is  a  cbaiucteristic  feature  of 
the  region,  and  stands  in  decided  contrast  to  the  conditions  encountered  on  the  Maine 
coast,  where  the  average  tidal  range  is  not  less  than  lo  feet. 

4.  TEMTCRATURE. 

The  surface  and  bottom  temperatures  were  recorded  for  each  of  the  regular  dredging 
stations  of  the  Fisk  Hawk  and  were  entered  in  the  original  records  for  these.  It  became 
evident,  however,  that  the  methods  then  employed  were  not  sufficiently  accurate  for 
purposes  of  careful  comparison;  likewise  that  the  temperature  determinations  should  be 
taken  as  nearly  ^multaneously  as  possible  throughout  the  entire  area  under  considera- 
tion. Accordingly,  new  observations  were  made  at  four  different  seasons  of  the  year, 
with  standardized  instruments  and  in  accordance  with  more  precise  methods.  Density 
determinations  were  made  at  the  same  time  as  those  upon  temperature,  but  a  discussion 
of  these  will  be  deferred  till  the  following  section. 

The  methods  pursued  in  making  the  temperature  observations  were  as  follows: 
Certain  stations  were  selected  which  were  believed  to  be  representative  of  all  sorts  of 
conditions  as  to  geographical  position,  depth,  tidal  influences,  etc.  These  were  commonly 
selected  from  among  the  regular  dredging  stations  plotted  upon  the  distribution  charts, 
but  they  were  not  located  by  the  vessel  with  anyclose  approach  to  accuracy.  In  a  few 
cases,  however,  other  pcnnts  were  chosen,  ss  that  it  was  thought  best  to  give  a  new  set 
of  numbers,  or  rather  letters,  to  the  temperature  stations.  They  ranged  from  A  to  Y 
in  the  Sound  and  from  A  to  V  in  the  Bay."  (See  chart  211.)  In  taking  the  August 
series  of  temperatures  the  Fish  Hawk  was  employed;  in  November  and  June  the 
Phaiarope  was  used;  in  March  the  Blw  Wing.  The  bottom  temperatures  were  obtained 
with  Negretti-Zambra  thermometers,  provided  viith  the  Tanner  inverting  case  (Tanner, 
18S4,  p.  26);  and  the  instrument  was  in  all  cases  left  at  the  bottom  for  a  period  of  10 
minutes.  Our  own  and  previous  tests  (see  Kidder,  1887,  p.  203)  have  shown  that  reliable 
results  can  not  be  obtained  in  less  time.  The  thermometer  was  then  upset  by  a 
"messenger,"  rendering  impossible  any  further  change  in  the  column  of  mercury,  except 
the  slight  expansion  or  contraction  of  the  thread  itself,  which  could  be  aUowed  for 
whenever  the  water  and  air  temperature  di&ered  sufficiently.  The  surface  temperature 
was  taken  by  means  of  an  ordinary  thermometer  of  the  Queen  or  Tagliabue  make, 
having  a  long  scale.  Surface  water  was  drawn  in  a  dip  bucket  and  kept  in  the  shade 
while  the  thermometer  was  in  use.  When  air  and  water  temperature  differed  much, 
the  pail  of  water  was  changed  at  least  once  before  the  final  reading  was  made.  The 
air  temperature  was  likewise  recorded,  though  this  was  far  from  exact,  owing  to  the 
artificial  sources  of  heat  necessarily  present  on  a  steam  vessel. 

August  series. — The  first  series  of  temperature  determinations  was  made  between 
August  14  and  29,  1907.  Twenty-five  observations  in  Vineyard  Sound  were  made 
on  August  14,  15,  and  16.  The  order  followed  was  such  that  stations  scattered 
throughout  nearly  the  whole  length  of  the  Sound  were  visited  on  the  same  day.  Thus, 
differences  due  to  locality  would  not  be  confused  with  differences  due  to  meteorological 
changes.  Buzzards  Bay  was  then  covered  on  August  19  and  20,  most  of  the  stations 
being  reached  on  the  first  day.     Certain  stations  in  Vineyard  Sound  were  also  reviated 
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on  August  30,  as  likewise  on  August  22;  and  stations  in  both  Vineyard  Sound  and 
Buzzards  Bay  were  visited  for  a  second,  third,  and  even  fourth  time  on  August  28  and  29. 
Thus,  while  it  is  not  posdble  to  present  simultaneous  readings  throughout  all  the  waters 
under  consideration,  the  most  extreme  points  were  reached  within  a  limit  of  five  days 
(August  14-19);  and  such  supplementary  determinations  were  made  as  to  eliminate 
confusion  of  results  by  seasonal  change.  A  consideration  of  these  supplementary 
temperature  determinations,  41  in  number,  shows  that,  although  they  were  made  after 
an  average  interval  of  nine  days,  the  mean  difference  (irrespective  of  sign)  between  the 
first  and  the  later  determination  was  1.8°  P.  It  will  be  noted  also  that  in  many  cases 
the  later  temperature  was  higher,  instead  of  lower,  though,  on  the  average,  it  was  found 
to  be  about  ^  degree  lower.  Moreover,  a  con^deration  of  the  chart  (No.  219)  repre- 
'  senting  the  mean  annual  temperature  curves  for  the  Woods  Hole  station  shows  that  the 
variation  in  water  temperature  at  the  latter  point  during  the  entire  period  of  the  present 
observations  (August  14-29)  is,  in  this  five-year  average,  but  a  trifle  over  1°  F.  The 
variations  within  the  limits  of  a  single  day,  due  to  tidal  influences,  are  doubtless  more 
serious  sources  of  error,  at  least  for  surface  temperatures;  but  it  was,  of  course, 
impossible  to  eliminate  these. 

Tablb  I.— Tshpbraturb  and  DaNStry:  ViNBrARS  Sound,  August,  1907. 
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TablB  t. — Tbnpsraiurb  and  Dbnsitv:  Vinbvard  Sound,  August,  1907 — Continned. 
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Tables  i  and  2  show  the  temperature"  and  denaty  conditions  encountered  during 
the  Au^st  observations.  Chart  211  represents  the  surface  and  bottom  temperatures 
for  each  station,  the  figure  used  being  in  each  case  the  earliest  one  taken.  The  following 
generalized  statements  may  be  made  regarding  these  figures: 

(i)  The  greatest  extremes  of  temperature  recorded  are  71.5°  and  55-0°,  giving 
a.  range  of  16.5°  within  the  limits  of  the  region. 

(2)  The  surface  temperatures  average  i.ii°  higher  than  the  bottom  temperatures, 
the  differences  increasing  as  we  pass  toward  the  western  end  of  Vineyard  Sound  and 
the  lower  end  of  Buzzards  Bay.  The  mean  iigures  (based  upon  all  the  figures  of  the 
tables)  are  surface  66.04°,  and  bottom  63.83°. 

(3)  Buzzards  Bay  contains  warmer  water  than  Vineyard  Sound,  the  mean  figures 
being  67.93°  (surface)  and  66.19°  (bottom)  for  the  Bay,  and  64.70°  (surface)  and  62.28° 
(bottom)  for  the  Sound. 

(4)  In  both  Vineyard  Sound  and  Buzzards  Bay,  both  at  the  surface  and  the  bottom, 
there  is  a  steady  decrease  in  temperature  as  we  pass  from  northeast  to  southwest;  i.  e., 
toward  the  open  ocean: 

In  Buzzards  Bay  the  maximum  surface  temperature  (71.5°)  was  found  near  the 
head,  while  the  minimum  (64.8°)  occurred  off  Cuttyhunk.  The  maximum  bottom 
temperature  also  occurred  at  the  head  of  the  Bay,  where  surface  and  bottom  waters 
were  practically  of  equal  warmth.  A  minimum  of  60.2°  was  found  off  Cuttyhunk, 
just  at  the  mouth  of  the  Bay. 

'  We  have  very  rehictaotly  deddcd  Co  employ  the  Fahrenheit  Kale  in  the  present  work,  for  the  following  reasons:  Our  in' 
sinunents.  and  practiaUJv  hI]  those  in  use  by  the  B 
bvdrogTBtdiic  mxk  lanperatures  have  usuaDy,  if  nc 
employed  the  centipade  scale,  despite  the  foregoja j 

as  pliitc9  have  already  been  piepaied  Irom  soioe  of  t 
ffrade  scale  i*e  append  a  eonversioa  (able: 
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In  Vineyard  Sound,  the  maximum  surface  temperature  (69.3°)  occurred  near 
Nashawena  Island,  but  such  a  temperature  was  quite  exceptional  in  this  portion  of 
the  Sound,  as  reference  to  the  chart  will  show  at  a  glance.  With  this  exception,  the  highest 
temperatures  are  at  the  eastern  end.  At  one  station  just  beyond  the  western  limits 
of  Vineyard  Sound  (W)  the  surface  and  bottom  figures  were  60.3°  and  55.0°,  respectively. 
A  rather  abrupt  fall  in  temperature  is  encountered  in  passing  southwestward  through 
the  Sound  when  we  reach  the  line  passing  from  Robinson  Hole  to  Kopeecon  Point, 
The  mean  bottom  temperatures  for  the  portions  of  the  Sound  lying  above  and  below  this 
line  are  67.35°  ^^^  ^  24-°>  respectively  (based  upon  chart  figures  only).  As  we  shall 
find  later,  this  lower  temperature  of  the  outer  portion  of  the  Sound  is  correlated  with 
important  differences  in  the  bottom  fauna.  In  Buzzards  Bay  the  lowering  of  tempera- 
ture toward  the  mouth  is  less  abrupt,  and  water  colder  than  64°  occurs  only  near  the 
extreme  end.  The  water  appears  to  be  at  no  point  as  cold  as  it  is  on  the  other  side  of 
the  Elizabeth  Islands. 

Table  3.— Temper atuks  and  DsNsrrr:  Viksyard  Soukd,  Noveubsk,  1907. 
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Tablb  4.— Tsmpbratubb  and  DBKSnr:  Buzzards  Bav,  Novbhbbr,  1907. 
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November. — Temperature  and  dendty  conditions  at  the  middle  of  November,  1907, 
are  shown  in  tables  3  and  4,  the  temperature  conditions  being  shown  on  chart  212. 
When  compared  with  the  conditions  during  August,  the  chief  facts  to  be  noted  are: 

(i )  The  great  reduction  in  water  temperature  naturally  resulting  from  the  approach 
of  winter.  The  mean  of  all  the  figures  is  50.14°  as  against  64.91°  during  the  August 
observations. 

(2)  The  comparative  uniformity  of  all  the  figures,  the  extremes  being  46.3'  and 
52.5°,  showing  a  range  of  6.2",  in  place  of  a  range  of  16.5"  as  in  August. 

(3)  The  exact  reversal  of  the  differences  found  in  August.  Here  the  surface  temper- 
atures are  somewhat  lower  than  the  bottom  ones  (average  =  49.78°  and  5047°  respec- 
tively); the  Bay  is  colder  than  the  Sound  {average  =  49.00"  and  51.16°);  and  we  meet 
with  slightly  higher  temperatures  as  we  pass  toward  the  open  ocean.  This  last  tendency 
is  not  very  evident  in  Vineyard  Sound,  but  is  quite  marked  in  Buzzards  Bay.  All 
these  differences  are,  of  course,  quite  intelligible.  At  this  time  of  the  year  the  air  tem- 
perature has  become  much  colder  than  that  of  the  water.  It  is  natural,  therefore,  that 
the  surface  of  the  sea  should  cool  more  rapidly  than  the  bottom,  and  that  the  shallower, 
more  sheltered  waters  should  cool  more  rapidly  than  the  open  ocean. 
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—Temperature  and  DEnsiry,  Vineyard  Sound,  March,  1908. 
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.Uarc/i. — Another  set  of  detenninations  was  made  on  March  20  and  21,  1908  (tables 
5  and  6;  chart  213).  Owing  to  the  inclemency  of  the  weather  and  to  the  fact  that  only 
the  Blue  Wing  was  available  for  the  work,  a  smaller  number  of  soundings  was  made  at 
this  time,  and  indeed  the  lower  part  of  Buzzards  Bay  was  entirely  neglected.  The 
results  are  none  the  less  interesting.  The  mean  for  the  entire  set  of  36  determinations 
(including  both  surface  and  bottom)  was  36.71°.  A  high  degree  of  uniformity  was 
manifest  throughout  the  entire  region,  for  the  most  extreme  temperatures  recorded 
were  36.1°  and  37-6°,  while  the  average  deviation  (i.  e.,  the  average  departure  from 
the  average)  was  only  0.32°.  Moreover,  such  slight  differences  as  did  occur  seemed 
to  bear  no  definite  relation  to  locality. 
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TablB  7. — Tbhperaiurb  At4D  DBNsrry,  Vineyard  Sound,  June,  i9oi 
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Table  8.— Temperature  and  Density,  Buzzards  Bay,  June,  1908. 
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Juve. — On  June  5  and  6,  1908,  surface  and  bottom  temperatures  were  determined 
at  26  stations  in  Vineyard  Sound  and  Buzzards  Bay  {tables  7  and  8;  chart  214).  The 
mean  of  all  these  52  figures  is  57.85°  F.,  or  7.06°  lower  than  the  mean  for  the  August 
observations.  The  relations  which  were  found  to  obtain  during  August  are,  however, 
manifested  with  equal  clearness  in  the  June  series,  the  figures  being: 

Majcimum 64. 40 

Minimum 47. 90 

Mean  for  Buzzards  Bay 59-88 

Mean  tor  Vineyard  Sound 55'  83 

Mean  for  surface S8'  39 

Mean  tor  bottom 57'  31 
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It  is  likewise  plain  that  the  temperatures  decline  noticeably  as  we  pass  toward  the 
open  ocean,  the  maidnium  temperature  being  found  at  the  head  of  Buzzards  Bay,  the 
minimum  at  the  mouth  of  Vineyard  Sound.  There  was,  however,  at  the  time  of  the 
June  observations,  no  abrupt  fall  of  temperature  beyond  Robinsons  Hole. 

Annual  temperalure  cycle. — Before  discussing  the  probable  significance  of  these 
observations  upon  the  waters  of  Vineyard  Sound  and  Buzzards  Bay,  mention  must  be 
made  of  the  annual  temperature  cycle  at  Woods  Hole. 

Tabls  9. — Air  Tempbratuss  at  Noon:  Woods  Hole  Station. 
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TaBLS  io.— WaIBR  TEMPBRATUHa  AT  NOON,  WOODS  HOLS  STAnoN. 
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Curves  showing  seasonal  variations  in  the  air  and  water  temperatures  at  the  Woods 
Hole  station  for  five  years  are  presented  on  chart  219.  These  curves  are  based  upon 
the  noon  temperatures  contained  in  the  station  records  from  1903  to  1906,  inclusive.^ 
The  ordinate  for  each  day  is  the  mean  of  the  five  years'  figures  for  that  day.  Such 
curves  do  not,  of  course,  exhibit  the  extreme  conditions,  since  maximum  and  minimum 
figures  are  neutraUzed  in  the  process  of  averaging.  The  water  temperatures  are  natur- 
ally those  which  chiefly  concern  us  at  present.  It  will  be  seen  that  the  highest  point  in 
the  curve  showing  these  is  at  August  1 2,  where  the  mean  temperature  is  slightly  over  7 1  °. 
Reference  to  table  10  shows  that  the  maximum  temperature  for  August  (and  for  the  year) 
recorded  during  these  five  years  is  74.5°.  The  lowest  point  in  the  curve  is  on  February 
19,  where  a  mean  temperature  of  30°  is  almost  reached.     The  minimum  for  the  entire 
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period  is  about  28.5°  F.,"  which  is  the  freezing  point  of  sea  water.  This  temperature 
is  perhaps  reached  at  one  time  or  another  nearly  every  winter. 

An  analysis  of  this  curve  reveals  several  other  facts  worthy  of  mention.  (We 
omit  as  irrelevant  the  interesting  relations  between  the  curves  for  air  and  for  water.) 
There  are  two  comparatively  level  sections  having  a  duration  of  about  two  months 
each,  occurring  in  midwinter  and  midsummer,  respectively.  During  each  of  these 
periods,  the  range  of  temperature  is  only  about  3  degrees.  The  remainder  of  the  year 
is  made  up  of  the  long  vernal  ascent,  and  the  somewhat  more  abrupt  autumnal  decline. 
During  131  days,  or  rather  more  than  a  third  of  the  entire  year  (June  3  to  Oct.  12),  the 
temperature  remains  above  60°;  from  May  5  to  November  8,  the  temperature  exceeds 
50";  while  from  April  3  to  December  5,  the  curve  is  above  the  40°  line.  On  the  other 
hand,  from  December  26  to  March  14,  the  temperature  of  35°  is  not  exceeded. 

The  water  here  employed  was  that  drawn  from  the  surface  at  the  local  pier,  close 
to  the  buildings  of  the  station.  This  water  rapidly  changes  with  the  tides  which  sweep 
through  Woods  Hole  Passage,  and  therefore  is  not  liable  to  the  extreme  fluctuations 
found  in  more  inclosed  areas.  The  figures  doubtless  represent  fairly  well  the  surface 
(and  likewise  the  bottom)  temperature  of  Woods  Hole  Harbor  and  of  the  adjacent 
shallower  parts  of  Buzzards  Bay  and  Vineyard  Sound.  The  mean  water  temperature 
for  this  entire  period  of  five  years  was  51.01°  F. ;  the  mean  air  temperature  for  the  same 
period  was  51.98°.  Since  these  figures  are  based  upon  temperatures  taken  at  nooa, 
they  are  doubtless  somewhat  too  high,  though  the  error  in  the  case  of  the  water  temper- 
atures is  probably  slight. 

It  will  be  important  for  our  future  discussion  to  make  a  comparison  of  the  water 
temperatures  at  Woods  Hole  and  those  at  the  United  States  Fisheries  stations  at  Glouces- 
ter, Mass.,  and  Boothbay,  Me.  For  this  purpose  we  have  employed  the  records  of 
only  three  years  at  each  station,  the  same  years  (1905,  1906,  1907)  being  used  in  each 
case.  Thus  the  figures  here  presented  for  Woods  Hole  necessarily  differ  somewhat 
from  those  given  in  the  preceding  table. 
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From  the  foregoing  figures  the  following  facts  may  be  gathered : 

(1)  That  the  mean  water  temperature  for  these  three  years  was  highest  at  Woods 
Hole  (50.59°),  next  highest  at  Gloucester  {47.95°),  and  lowest  at  Boothbay  (44.44°). 

(2)  That  these  differences  are  at  a  maximum  during  the  summer  months,  being 
reduced  to  a  minimum  or  even  reversed  during  the  winter  months.  Thus  the  annual 
range  of  temperature  is  greater  as  we  pass  to  the  southward. 
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(3)  For  every  month  of  the  year  the  water  temperatures  at  Gloucester  are  higher 
than  those  at  Boothbay.  On  the  other  hand,  during  the  months  of  December,  Janu- 
ary, February,  and  March  the  Woods  Hole  temperatures  are  lower  than  those  reported 
from  Gloucester,  despite  the  more  northerly  location  of  the  latter  station.  This  is 
probably  due  to  the  fact  that  the  water  used  at  the  Gloucester  station  is  in  more  imme- 
diate connection  with  the  great  reservoir  of  ocean  water,  which  responds  more  slowly 
to  the  winter  cold.  Moreover,  a  rapid  intermingling  of  the  two  is  effected  by  the  tides, 
which  have  a  far  greater  amplitude  at  Gloucester  than  at  Woods  Hole." 

(4)  During  the  months  of  May  to  November,  inclusive,  the  water  temperatures  at 
Woods  Hole  are  much  higher  than  those  of  either  of  the  more  northerly  stations,  while 
the  mean  difference  between  Woods  Hole  and  Gloucester  for  July,  August,  and  Sep- 
tember (7.1°}  is  over  twice  as  great  as  that  between  Gloucester  and  Boothbay  (3.5°).' 

This  last  feature  of  the  comparison  is  the  most  important  of  all  for  our  present 
purposes.  The  difference  in  latitude  between  Woods  Hole  and  Gloucester  is  about 
I*  7',  while  that  between  Gloucester  and  Boothbay  is  about  1°  12'.  Nevertheless,  the 
difference  in  water  temperature  between  those  two  stations,  which  are  separated  by 
the  peninsula  of  Cape  Cod,  is  twice  as  great  during  the  three  months  of  the  year  when 
the  water  is  warmest  as  that  between  the  two  stations  lying  to  the  north  of  Cape 
Cod,  even  though  the  latter  are  divided  by  a  greater  interval  of  latitude.  While  the 
waters  whose  temperatures  are  here  recorded  may  not  be  entirely  representative  of  the 
neighboring  sea  areas,  and  while  the  number  of  years  here  comprised  is  small,  the  main 
points  in  our  comparison  are  believed  to  be  sufficiently  well  established.  Let  us  now 
return  to  a  consideration  of  the  temperature  conditions  at  Woods  Hole. 

Significant  features  of  the  local  temperature  conditions. — If  we  take  the  average  of 
all  the  temperature  determinations  (surface  and  bottom)  recorded  on  chart  air  for  the 
14  stations  westward  of  Robinsons  Hole,  within  and  at  the  entrance  to  Vineyard  Sound, 
we  find  the  mean  temperature  of  these  waters,  at  practically  the  period  of  maximum 
temperature,  to  be  62.17.°  At  Woods  Hole  this  temperature  is  exceeded  during  the 
entire  period  of  the  year  between  June  14  and  October  6.  If  we  consider  only  the 
figures  for  bottom  temperature  in  this  western  area  of  the  Sound  (and  these  it  is,  in  the 
main,  which  influence  the  tmttom  fauna),  we  find  the  mean  to  be  60.24,  a  temperature 
which  is  exceeded  at  Woods  Hole,  from  June  3  to  October  11.  In  Buzzards  Bay,  on 
the  other  hand,  a  temperature  as  low  as  this  last  was  not  once  recorded  during  the 
August  series  of  observations,  though  in  one  case  it  was  found  just  beyond  the  mouth 
of  the  Bay  (V).  Bottom  temperatures  between  60°  and  65°  were,  however,  found 
throughout  the  lower  third  or  fourth  of  the  Bay,  except  near  the  western  shore. 

It  thus  appears  that  the  summer  conditions  of  temperature  such  as  obtain  in  the 
vicinity  of  Woods  Hole  during  the  months  of  June,  July,  August,  and  September  do 
not  directly  affect  the  southwestern  third  of  Vineyard  Sound  and  in  only  a  limited 
degree  the  lower  end  of  Buzzards  Bay.  It  will  be  shown  that  this  fact  is  of  supreme 
importance  for  the  understanding  of  certain  features  of  distribution. 

It  might  reasonably  have  been  expected  that  the  winter  temperature  of  these 
outlying  waters,  adjacent  to  the  open  sea,  would  be  considerably   higher  than  that 

>  TUi  f»  la  full  afnciiKiit  wiUi  tbc  opluution  o(  the  rrlativdr  hiib  wintn-  tnoDrntum  tt  Gloucuur  ud  Boothbay; 
inclci>aiilcnU)r  sflmd  by  SupnTDUndcBU  CmUu  and  Hahn. 

*  Thll  dUCmice  1*  Ukcwiw  MOUWhat  ticatct  lor  October,  and  ii  practically  the  lamc  lor  May. 
t6l6i)° — Bull.  31,  pt  I — tj 4 
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elsewhere  recorded  within  the  region,  owing  to  the  conservative  influence  of  the  ocean 
in  retaining  the  heat  received  during  the  summer.  It  would  have  given  no  surprise, 
therefore,  to  find  the  mean  annual  temperatures  approximately  the  same  throughout  all 
these  waters.  Unfortunately  we  have  no  data  for  the  coldest  period  of  the  winter. 
Reference  to  the  temperature  curves  for  the  Woods  Hole  station  shows  that  the  water 
curve  reaches  its  lowest  level  on  February  19.  It  was  planned,  accordingly,  to  obtain  a 
series  of  observations  m  Vineyard  Sound  and  Buzzards  Bay  at  about  that  date  in  1908.  It 
is  a  matter  of  much  regret  that  no  boat  was  available  for  this  purpose  until  a  month  later, 
when  the  water  temperature  throughout  the  entire  region  had  risen  to  nearly  37°  F. 
At  this  time,  as  has  already  been  pointed  out  (p.  44),  a  great  uniformity  in  water  tem- 
perature prevailed  throughout  the  region  explored,  and  the  outlying  waters,  off  Gay 
Head  and  Cuttyhunk,  did  not  differ  appreciably  from  those  of  the  other  portions  of 
Vineyard  Sound  and  Buzzards  Bay,  It  will  be  recalled  that  in  November  there  was 
likewise  a  large  measure  of  uniformity,  though  at  that  time  the  outlying  waters  were 
somewhat  warmer  than  the  rapidly  cooling  waters  of  the  upper  half  of  the  Bay.  In 
the  absence  of  further  data  it  might  be  contended  that  at  the  time  the  November  obser- 
vations were  made  the  inshore  temperature  was  just  passing  the  ocean  temperature 
in  its  annual  decline,  while,  on  the  other  hand,  it  might  be  supposed  that  the  March 
temperatures  were  taken  at  a  time  when  the  inshore  temperature  curve  was  again  about 
to  cross  that  for  the  ocean  temperature.  And  indeed  it  is  possible,  that  in  the  inter- 
vening months  the  latter  did  remain  somewhat  higher  than  the  former. 

But  even  on  the  impossible  supposition  that  36°  F.  represents  the  minimum  tem- 
perature of  these  outlying  waters,"  this  figure  would  be  only  about  7°  higher  than  the 
lowest  recorded  elsewhere  (i.  e.,  the  freezing  point  of  sea  water),  whereas  in  summer 
the  extremes  of  temperature  varied  as  widely  as  i$°.  Thus,  in  any  case,  the  mean 
aimual  temperature  of  the  bottom  waters  in  the  outlying  portions  of  Vineyard  Sound 
and  Buzzards  Bay  is  undoubtedly  lower  than  that  of  the  more  inclosed  areas  to  the 
northeast.  For  Vineyard  Sound  the  mean  t>ottom  temperature  of  the  stations  lying 
to  the  seaward  of  Robinsons  Hole,  as  based  upon  the  four  seasonal  averages  obtained 
by  us,  is  50.53°.  The  corresponding  figure  for  the  remainder  of  Vineyard  Sound  was 
found  to  be  53.31°.  This  difference,  however,  is  entirely  detonnined  by  the  June  and 
August  results,  so  that  for  the  siunmer  months  aloae  the  difference  would  be  about 
twice  as  great. 

Another  plain  deduction  from  the  foregoing  figures  is  that  the  total  annual  range 
of  temperature  in  these  outlying  waters  is  far  less  than  in  the  more  inclosed  waters 
of  the  region.  For  the  former  the  temperature  mage  is  probably  alMJut  30'  F.;  for 
the  latter  it  may  reach  45°  or  more. 

The  occurrence  in  summer  of  colder  waters  in  the  ocean  immediately  beyond  the 
mouth  of  Vineyard  Sound  was  pointed  out  by  Verrill  as  long  ago  as  1871,  and  a  few 
definite  temperature  figures  were  then  presented  by  him.  These  last  were  also  included 
in  the  chart  accompanying  the  "Report  on  the  Invertebrate  Animals  of  Vineyard 
Sound."  On  September  9  the  lowest  figure  recorded  by  Verrill  was  57'  F.,  which 
was  the  bottom  temperature  at  a  point  several  miles  beyond  Gay  Head.     Within  the 

a  Rathbun  (iBil?)  in  ■  ctmrt  (No,  ij),  livini  tanprntaro  Uk«  dorliii  fiv«  yon  at  Uic  Vlacyuil  Somid  Lirtuhip.  off 
Sow  uKI  Pifi  R«l,  Rcord*  fiiocn  u  low  u  ig*  uid  30*  dtuioi  Juuurv  and  Fcbnury.  P«  mul  ol  Ihe  time  duriaf  thMt 
iDOfitlu,  Bufcovet.  tbe  tonpenton  nmained  bdow  3%*.  Tboc  were  loHacc  tsapcrfttm*i.  ic  it  true,  but  ii  ii  Ukdy,  *t  above 
(tiUd.  tbat  tht  ficmcs  la>  nuiace  and  botUnn  arc  no«  bi  famn  cqod  ID  wiDtct. 
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moutb  of  Vineyard  Sound,  on  the  same  day,  the  surface  temperature  was  67°  F.  Tem- 
peratures were  likewise  taken  west  of  No  Mans  Land  and  south  of  Narragansett  Bay 
in  29  fathoms.  These  agree  in  being  considerably  lower  than  the  temperatures  known 
to  occur  at  the  same  time  in  the  more  inclosed  waters  of  the  neighborhood.  The  pres- 
ent writers  have  found  still  more  extreme  conditions  to  prevail  at  certain  pcnnts  imme- 
diately to  the  east  of  Cape  Cod.  At  Crab  Ledge,  a  few  miles  to  the  east  of  Chatham 
(chart  223),  at  a  mean  depth  of  17^  fathoms,  two  observations  on  August  12,  1909, 
gave  a  mean  surface  temperature  of  65°  F.  and  a  mean  bottom  temperature  of  47.2°  F, 
These  figures  accord  pretty  well  with  some  obtained  at  nearly  the  same  point  by  Robert 
Piatt,  United  States  Navy,  on  September  14  and  15,  1877."  The  latter  found  a  mean 
surface  temperature  of  60.3°  F.  and  a  mean  bottom  temperature  (28  fathoms)  of  48.2°  F, 
It  is  interesting  to  compare  the  figures  obtained  by  us  on  August  10  and  12,  1909,  for 
a  series  of  points  between  Woods  Hole  and  Crab  Ledge.  These  are  presented  in  the 
following  table : 


Drptb. 

atUK. 

Bottom 

J 

m 

•i 
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Verrill  explained  the  low  temperatures  of  the  outer  waters  by  invoking  the  aid 
c^  "an  offshoot  of  the  arctic  current,"  which  he  believed  to  pass  westward  into  Long 
Island  Sound.  The  question  whether  or  not  there  is  a  definite  southward  (and  west- 
ward) flowing  current  which  affects  this  part  of  the  coast  has  already  been  discussed 
briefly  on  another  page.  No  conclusive  answer  to  this  question  appears  to  be  forth- 
coming at  present.  Undoubted,  however,  is  the  fact  that  during  the  summer  months 
there  lies  a  comparatively  cold  zone  between  the  warm  coastal  water  and  the  yet  warmer 
Gulf  Stream.  This  may,  as  has  been  suggested,  merely  represent  the  normal  ocean 
water  which  would  be  proper  to  this  latitude  in  the  absence  of  the  Gulf  Stream.  If  this 
view  be  accepted,  the  higher  temperature  attained  during  the  summer  months  by  the 
waters  of  Buzzards  Bay  and  of  Nantucket  and  Vineyard  Sounds  is  simply  the  result 
c^  their  shallowness  and  comparative  detachment  from  the  great  reservoir  of  ocean 
water  outside,  just  as  we  know  that  salt  marshes  or  shallow  lagoons  become  even 
warmer  than  this  during  the  summer  months. 

The  question  here  suggests  itself  why  the  coastal  waters  north  of  Cape  Cod,  e.  g., 
at  Gloucester  and  at  Boothbay,  do  not  likewise  become  much  warmer  than  they  do 
during  the  summer  months.  We  have  seen  (p.  49)  that  the  relations  between  the 
temperatures  at  these  points  and  those  at  Woods  Hole  are  not  such  as  are  wholly 
^cplmned  by  differences  in  latitude.  It  is  highly  probable  that  one  factor  in  the  case  is 
the  far  greater  depth  of  the  waters  north  of  Cape  Cod,  at  slight  distances  from  shore. 
For  example,  the  50-fathoin  line  passes  within  from  5  to  10  (nautical)  miles  of  Cape 
Aon  and  of  many  parts  of  the  Maine  coast;  while  at  the  nearest  p<nnt  it  lies  over  50 

■  Thoc  daU  were  fuinuliH]  di  by  the  Saperlstcadcnt  ol  ilw  Coaut  u)d  Ccodetic  Survey. 
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miles  from  Marthas  Vineyard.  The  tides,  likewise,  are  of  much  greater  amplitude 
north  (rf  Cape  Cod,  insuring  a  far  more  rapid  intermingling  of  the  coastal  waters  with 
those  of  the  open  sea.  South  of  Cape  Cod  there  is  an  exten^ve  area  of  shoal  water, 
much  oE  which  is  pretty  definitely  bounded  off  from  the  open  ocean.  Reference  has 
already  been  made  to  the  occurrence  of  a  net  westerly  tidal  movement  through  Vine- 
yard Sound.  This  imphes,  of  course,  that  the  latter  derives  much  of  its  water  from 
Nantucket  Sound,  a  broad  and  on  the  whole  very  shallow  area  cS  sea,  pretty  well  shut 
in  by  land  and  by  shoals. 

5.  SAUNITY. 

Salinity  or,  more  properly,  density  determinations  were  made  along  with  those  for 
temperature.  The  Sigsbee  water  cup  was  employed  for  obtaining  samples  from  the 
bottom,  while  the  surface  water  was  merely  drawn  up  in  a  pail.  The  salinometeis 
employed  were  of  the  Hilgard  pattern  and  were  previously  tested  by  the  Bureau  of 
Standards.  Great  care  was  taken  to  prevent  the  soiling  of  the  stem  by  the  hands, 
which  was  found  to  exert  a  marked  effect  upon  the  level  reached  by  the  instrument. 
A  bottle  of  caustic  soda  solution,  or  a  mixture  of  sulphuric  acid  and  potassium  bichro- 
mate, was  kept  at  hand,  and  used  from  time  to  time  for  cleaning  the  stem.  It  was 
found  more  practicable  to  read  from  the  summit  of  the  meniscus,  or  cone  of  fluid  sur- 
rounding the  salinometer  stem,  than  to  read  from  the  actual  water  level.  The  value 
of  the  meniscus  in  terms  of  the  scale  was  later  determined.  Since  the  temperature  of 
the  water  is  an  all  important  factor  in  determining  its  specific  gravity,  as  referred  to 
distilled  water  at  maximum  den»ty,  careful  record  was  kept  of  the  water  temperature 
at  the  time  of  taking  the  reading  for  density.  Knowing  these  two  factors,  reduction 
was  easily  accomplished  by  the  aid  of  a  table  furnished  by  the  Bureau  of  Standards.'' 

The  figures,  as  presented,  represent  the  specific  gravities  which  would  have  been 
obtained  had  the  water  samples  in  all  cases  been  at  a  temperature  of  15^  C.  Thus  each  ' 
figure  represents  the  relative  weight  of  a  given  sample  at  15°  C.  compared  with  an  equal 
volume  of  distilled  water  at  4°  C.  The  density  of  a  solution  depends,  of  course,  upon 
two  (actors,  its  temperature  and  its  concentration.  Having  eliminated  all  difiFerences 
due  to  the  former  factor,  the  figures  here  given  represent  the  concentration,  i.  e.,  the 
salinity  of  the  water. 

The  density  readings  here  recorded  were  in  nearly  all  cases  made  aboard  ship. 
More  precise  determinations  would  of  course  have  been  possible  if  the  water  samples 
had  been  bottled  and  brought  back  to  the  laboratory  where  the  ship's  motion  would  not 
have  disturbed  the  observations.''  And  our  results  would  have  been  still  more  precise 
had  we  resorted  to  the  method  of  titration  with  nitrate  of  silver,  as  employed  in  recent 
hydrographic  studies.'^  The  latter  method  has,  however,  been  used  by  us  as  a  check 
upon  our  specific  gravity  determinations,  and  the  results  of  the  two  accord  so  well  on 
the  whole  (see  p.  54)  that  the  figures  here  presented  are  probably  exact  enough  to  meet 
the  demands  of  the  present  work.  Our  figures  for  density  are  recorded  to  the  fourth 
dedmal    place.     From    comparison  with   the  chlorine  tests  it  seems  likely  that   in 


■  Vuioui  tmblci  □(  ttui  lort  tun  beta  pubUihcd;  c. 
*  In  Gtc  OHCi,  in  which  Ihis  w»  done,  (ilcl  tbf  rnull 
14  wu  FDand;  i.  r..  the  error  Aff«i:tnj  only  tit 
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Biolocki]  A»ociation.  voir  vi.  pp.  iai-114. 
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some  cases  they  are  accurate  only  to  the  third  decimal  place.  Those  familiar  with 
recent  hydrographic  studies  will  perhaps  regard  such  figures  as  too  rough  approxima* 
tions  to  have  any  sdentttic  value.  This  would  doubtless  be  true  if  we  had  to  do  with  wide 
expanses  of  the  sea,  containing  fairly  permanent  currents  or  strata  of  water,  the  limits  of 
which  could  only  be  ascertained  by  determining  slight  differences  of  salinity.  But  in  the 
inclosed  bays  and  sounds  of  our  region  the  continual  intermixture  of  the  waters  resulting 
from  tides  and  winds  would  render  unlikely  any  constant  stratification  on  the  ba^s  of 
salinity,  and  it  is  certain  that  rapid  variations  occur  within  the  same  area.  As  was  the 
case  with  the  temperature  records  already  discussed,  a  series  of  determinations  having 
no  reference  to  the  phase  of  the  tide  are  open  to  rather  serious  objections.  But  it  would 
l)e  practically  impossible  to  make  such  a  series  simultaneously  throughout  so  large  an 
area,  and  almost  equally  difBcult  to  make  each  of  thera  at  a  corresponding  phase  of  the 
tide.  For  these  reasons,  therefore,  only  the  larger  differences  of  water  density,  such  as 
are  indicated  by  figures  in  the  third  dedraal  place,  seem  to  be  of  interest  in  attempting 
any  correlation  between  this  factor  and  the  distribution  of  our  local  marine  animals 
and  plants.  And  it  will  be  found  later  that,  so  far  as  our  dredging  records  are  concerned, 
even  the  greatest  extremes  of  salinity  which  are  recorded  by  us  have  little  or  no  effect 
in  limiting  the  distribution  of  most  of  the  species.  This  statement,  of  course,  is  only 
intended  to  apply  to  the  fauna  taken  by  the  dredge.  Great  numt>ers  of  littoral  or 
shallow-water  organisms,  here  as  elsewhere,  obviously  thrive  best  in  brackish  water  or 
at  least  in  somewhat  diluted  sea  water.  The  salt  marshes  and  the  estuaries,  indeed, 
are  largely  populated  by  a  fauna  of  their  own. 

The  figures  for  density  are  given  in  the  same  tables  (i-8)  as  those  for  temperature. 
Prom  the  density  figures  those  for  salinity  proper,  or  percentage  of  salts,  may  readily 
be  obtained  from  the  table  offered  by  Pettersson  (1894,  p. ^298).  The  following  equiva- 
lents have  tteen  computed  for  such  degrees  of  density  as  are  to  be  found  in  Buzzards 
Bay  and  Vineyard  Sound.  They  represent  the  percentages  of  salt  by  weight  in  a  given 
quantity  of  sea  water: 


The  differences  of  salinity,  in  relation  to  locality  and  season,  are  represented  upon 
charts  215  to  218,  Several  facts  of  importance  are  to  be  derived  from  these  tables 
and  charts. 

(i)  Even  the  highest  figure  recorded  here  (1.0244)  's  considerably  lower  than  that 
found  throughout  the  north  Atlantic  at  great  distances  from  land,  where  a  specific 
gravity  of  i  .0270  to  i  .0280  prevails. 

(2)  The  greatest  extremes  to  be  found  among  our  determinations  are  1.0212  and 
1.0244,  representing  a  difference  of  about  15  per  cent  in  salinity. 

(3)  The  average  surface  density  (1.02337)  is  lower  than  the  average  density  at  the 
bottom  (1.02349).     This  difference  is  more  marked  in  the  Bay  than  in  the  Sound.     It  is 
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manifested  in  six  of  the  eight  pairs  of  contrasted  figures,  the  June  figures  (both  for  the 
Bay  and  Sound)  being  exceptions. 

{4)  The  average  denaty  for  Buzzards  Bay  (1.02314")  is  lower  than  that  for  Vine- 
yard Sound  (1.02372)  and  is  particularly  low  at  the  head  of  the  Bay.  This  condition 
is  readily  understood  by  reference  to  the  estuaries  which  discharge  into  it. 

(5)  Certain  seasonal  differences  appear  which  are,  perhaps,  of  questionable  »g- 
nificance.  In  Vineyard  Sound  the  den^ty  figures  for  the  seasons  may  be  arranged  in 
the  following  order : 

June I- 03339 

March I.  01358 

August 1.01387 

November 1.01403 

For  Buzzards  Bay  the  figures  can  not  be  given  for  the  entire  area,  since  in  March 
only  six  stations,  nearly  all  of  them  in  the  upper  half,  were  viated.  Taking  the  figures 
for  these  same  six  stations  for  the  four  months  we  find  the  foUowing  order  to  obtmn: 

March i.  01166 

June '."m 

November t.  09199 

August 1. 03317 

The  figures  for  the  different  seasons  were  obt^ned  at  intervals  of  about  three 
months  and  by  two  different  observers.  Differences  due  to  "persona!  equatkm" 
have  thus  perhaps  played  a  part  in  the  results.  And  even  if  that  source  of  error  were 
eliminated,  it  is  quite  likely  that  the  figures  for  the  same  month  in  different  years  would 
not  agree  at  all  exactly.  In  November,  1908,  eight  of  the  determinations  of  the  pre- 
ceding November  were  repeated.  The  average  difference  between  the  earlier  and  later 
figures  was  4  in  the  fourth  decimal  place,  i.  e.,  a  quantity  in  excess  of  some  of  the  sea- 
sonal differences  appearing  in  the  foregoing  tables. 

In  order  to  compare  the  results  of  hydrometer  readings  with  those  obtained  by  titra- 
tion for  chlorine,  17  water  samples  were  subjected  to  both  tests.*  The  chlorine  deter- 
mination in  each  case  was  compared  with  the  value,  computed  from  Pettersson's  table, 
for  water  of  the  specific  gravity  recorded.  It  was  found  that  the  actual  and  the  expected 
values  differed  on  the  average  by  i  .5  per  cent.  On  the  assumption  that  the  figures  for 
the  titrations  were  absolutely  correct,  which  is  scarcely  allowable,  this  discrepancy 
implies  an  average  error  in  the  salinometer  readings  amounting  to  a  Uttle  over  3  in 
the  fourth  decimal  place.  We  have  thus,  in  any  case,  some  measure  of  the  accuracy 
of  the  specific  gravity  determinations  here  recorded.  As  already  stated,  the  fourth 
figure  is  not  entirely  trustworthy.  It  must  be  remembered,  however,  that  local  dif- 
ferences have  been  pointed  out  within  our  region  equal  to  about  ten  times  the  amount 
of  this  average  error. 

Seven  water  samples  obtained  by  us  in  August,  1909,  at  points  within  Nantucket 
Sound  and  beyond  its  eastern  end,  yielded  specific  gravities  varying  only  from  1.0237 
to  1 .0239.  These  figures  are  close  to,  but  sUghtly  lower  than,  those  found  in  Vineyard 
Sound  during  the  same  month  two  years  previously. 

•  This  figure  b  sooifirbit  too  low.  since  only  the  upper  hull  ol  the  Bav  wu  rcprescnlnl  In  the  Hudi  lerks.    Here,  w 
Mlted,  the  douily  li  partiniUriv  low. 

tThrsc  titrations  were  ibr  the  moat  put  made  by  Dt.  W.  it.  CUrk.  then  ■  scieotific  auistnit  U  [he  Woods  Boll 
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I.  THE  DREDGtNG  RECORDS. 

Complete  records  were  kept  of  every  dredge  haul  of  the  Sun-ey,  comprising  such 
data  as  the  bearings,  date,  depth,  etc.,  at  each  station,  as  well  as  a  list  of  the  aggregate 
fauna  and  flora  found  tooccur  there.  It  was  our  original  expectation  to  publish  the  entire 
set  of  station  records  as  an  appendix  to  the  present  report,  for  it  would  certainly  be 
desirable  to  insure  the  permanency  of  these  records  through  printing.  They  are  the 
crude  data  upon  which  most  of  our  ensuing  discussion  is  based,  and  it  is  highly  probable 
that  they  would  yield  other  results  of  value  if  subjected  to  further  analysis.  Here, 
and  here  only,  do  we  find  what  forms  of  life  are  associated  together  upon  a  given 
area  of  the  sea  bottom.  Owing  to  the  voluminous  character  of  these  records,  however, 
it  has  not  been  found  practicable  to  publish  them  in  their  entirety,  although  a  "  List 
of  Stations"  is  presented  at  the  close  of  section  I.  As  regards  the  associations  of 
species,  we  must  be  content  at  present  with  presenting  the  data  in  a  generalized  form, 
except  for  the  reproduction  ctf  a  very  few  complete  station  records  by  way  of  illustration. 
In  all  there  are  458  staticms,  belonging  to  the  regular  series,  which  may  be  classi- 
fied as  follows : 

FishHswIe,  Vineyard  Sound ir8 

Fish  Hawk,  Buzzards  Bay 66 

Fish  Hawk,  Crab  Ledge 7 

Phalarope  and  Blue  Wing,  Vineyard  Sound 77 

PhalaiDpe,  Buzzards  Bay 90 

Total 438 

With  a  few  exceptions  (see  below)  these  stations  were  all  dredged  during  the  sum- 
mers of  1903,  1904,  and  1905.  The  Fish  Hawk  was  employed  during  all  three  of  these 
seasons,  the  Phalarope  (supplemented  by  the  Blue  Wing)  during  the  second  and  third 
seasons.  Owing,  however,  to  an  accident  which  prevented  the  use  of  the  Phalarope 
along  the  western  shore  of  buzzards  Bay  in  1905,  the  latter  region  was  not  dredged 
until  the  summer  of  1907.  These  1907  stations  have  been  charted  along  with  the  others 
and  the  records  included  in  the  same  series.  There  are  likewise  included  with  the  regu- 
lar series  certain  repeated  stations.  Owing  to  the  somewhat  tentative  character  of 
the  Vineyard  Sound  dredgings  in  1903,  34  of  these  earlier  stations  were  redredged  (ap- 
proximately) in  1904,  partly  with  the  Fish  Hawk,  partly  with  the  Phalarope.  Such 
stations  have  been  de^gnated  by  the  original  number,  with  the  addition  of  the  Latin 
word  "bis."  The  "bis"  stations  have  all  been  treated  as  Fish  Hawk  stations,  and  a 
list  of  them  is  published  at  the  end  of  the  Fish  Hawk  series.  The  records  for  the  occur- 
rence vA  each  species  at  this  group  of  repeated  stations  have  been  incorporated  setially 
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with  the  others  in  the  annotated  list,  and  these  records  have  been  included  in  plotting 
the  distribution  charts. 

During  the  summers  of  1906,  1907,  1908,  and  1909  various  supplementary  dredg- 
ings  were  carried  on  with  both  the  Fish  Hawk  and  the  Phalarope,  and  at  least  150  sta- 
tions were  dredged.  These  were  in  most  cases  more  or  less  approximate  repetitions  of 
stations  of  the  regular  series.  On  most  of  these  occa^ons  search  was  made  only  for 
particular  species,  and  no  list  was  kept  of  the  entire  collection  of  organisms  brought 
up.  In  the  case  of  the  hydrcnds,  Bryozoa,  and  Poraminifera,  however,  and  of  unusual 
species  belonging  to  any  group,  the  records  derived  from  these  supplementary  stations 
are  to  a  large  extent  included  with  the  others,  the  year  of  the  dredging  being  indicated. 
During  the  summer  of  1909,  26  of  the  earlier  stations  in  Buzzards  Bay  (mainly  of  the 
Fish  Hawk  series)  were  repeated  with  rough  approximation  by  the  Phalarope,  and 
fairly  full  lists  were  made  of  the  organisms  taken  at  each."  These  Usts  have  been 
appended  to  the  regular  series.  Several  trips  were  likewise  made  during  the  summer  of 
1907  for  the  special  purpose  of  collecting  algae. 

To  what  degree  the  earlier  records  have  been  confirmed  or  corrected  by  these  sup- 
plementary dredgings  will  appear  from  time  to  time  in  the  special  discussion  relating 
to  particular  species.  It  may  be  noted  in  passing,  however,  that  the  later  operations 
have  added  very  materially  to  the  accuracy  erf  our  results  as  a  whole. 

A  chart  (no.  226)  has  t>een  prepared  indicating  the  position  and,  so  far  as  possible, 
the  direction  and  extent  (see  p.  18)  of  the  dredgings  of  the  survey.  Upon  this  chart 
the  stations  are  numbered,  these  numbers  corresponding  to  those  given  in  the  lists.  The 
numbers  employed  are  arranged  consecutively  according  to  date.  They  do  not  there- 
fore bear  any  necessary  relation  to  the  position  of  the  stations.  In  order  to  facilitate 
the  finding  of  a  given  station  by  the  reader  the  following  general  statements  are  offered: 

(1)  The  Fish  Hawk  stations  are  all  indicated  by  numbers  of  four  digits,  commenc- 
ing with  7,  thus:  7521,  etc.  The  Phalarope  and  Blue  Wing  stations  are  indicated  by 
numbers  ranging  from  i  to  167. 

(2)  Fish  Hawk  stations  are  designated  either  by  a  drcle  or  by  a  chain  of  two, 
three,  or  four  smaller  circles,  connected  by  a  straight  or  curved  line  (see  p.  18).  Phala- 
rope and  Blue  Wing  stations  are  designated  by  arrows,  which  show  the  direction  of 
the  haul,  and,  very  roughly,  its  relative  duration.  These  last  are  in  all  cases  near  shore, 
except  for  a  few  upon  the  Middle  Ground  shoal  at  the  eastern  end  of  Vineyard  Sound. 

(3)  ^t^A  Hawk  stations  7521  to  7602  are  in  Vineyard  Sound,  commencing  near 
Nobska  Ptxnt  and  running  to  the  westward.  They  are  arranged  at  intervals  of  about 
three-fourths  of  a  mile  along  lines  crossing  the  Sound  at  a  distance  of  about  i  mile  from 
one  another.  Near  the  western  end  of  Vineyard  Sound  three  of  these  lines  are  num- 
bered in  a  reversed  order,  i.  e.,  stations  7581  to  7587  are  along  the  Une  connecting  Gay 
Head  and  Cuttybunk,  the  next  stations  in  serial  order,  being  upon  a  line  passing  from 
Nashawena  to  a  point  about  i  mile  east  of  Gay  Head. 

(4)  Stations  7603  to  7609,  inclusive,  are  at  Crab  I,edge  (see  chart  223),  and  are 
therefore  not  included  upon  the  present  chart. 

(5)  Stations  7610  to  7675  are  in  Buzzards  Bay — 7610  to  7635  are  in  the  upper 
half,  starting  from  a  point  near  Woods  Hole;  7636  to  7675  are  in  the  lower  half. 
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(6)  Stations  7676  to  7783  (except  771 1  to  7716)  are  in  Vineyard  Sound,  beginning 
at  the  western  end  and  pasdng  eastward,  though  the  order  is  not  at  all  regular. 

(7)  Stations  771 1  to  7716,  inclusive,  do  not  appear  upon  the  chart. 

(8)  Stations  1  to  19,  24  to  43,  and  52  to  167  were  dredged  by  the  Phalarope;  20  to 
23  and  44  to  51  by  the  Blue  Wing. 

{9)  Stations  1  to  77  are  in  Vineyard  Sound.  No.  i  is  along  the  shore  of  Nonamessct 
Island.  The  first  series  continues,  not  always  in  regular  order,  to  38,  at  Cuttyhunk, 
though  35,  36,  and  37  are  at  Sow  and  Pigs  Reef.  Stations  39  to  43  are  along  the  shoal 
Middle  Ground.  Stations  44  to  51  and  56  to  60  are  at  Gay  Head;  61,  62,  and  63  are  near 
West  Chop;  64  to  68  are  along  the  shore  of  Marthas  Vineyard  from  Prospect  Hill  to 
Cedar  Tree  Neck;  69  to  72  are  in  Vineyard  Haven;  while  stations  73  to  77  extend  from 
Nortons  Point  to  Cedar  Tree  Neck, 

{10)  Stations  78  to  167  are  in  Buzzards  Bay.  They  commence  at  Nashawena 
Island,  and  extend  northeastward  along  the  shores  of  Pasque  and  Naushon;  the  series 
then  skips  to  Cuttyhunk  (99  to  104),  then  to  Weepecket  Islands  (105  to  no),  then  to 
Cuttyhunk  again  (in  and  112)  and  to  Penikesc  {113  to  116).  Station  117  is  at  Unca- 
tena  Island,  and  118  to  133  are  in  the  immediate  neighborhood  of  Woods  Hole.  Prom 
this  p<ttnt  the  series  extends  pretty  regularly  up  the  eastern  shore  of  Buzzards  Bay, 
and  from  the  head  of  the  Bay,  down  the  western  shore,  at  wider  intervals. 

The  complete  records  of  four  of  our  stations  (dredge  hauls)  are  presented  herewith. 
We  have  selected  one  Fish  Hawk  station  in  Buzzards  Bay  (7656),  one  Fish  Hawk  station 
in  Vineyard  Sound  (7730),  one  Phalarope  station  in  Vineyard  Sound  (52),  and  one 
Phalarope  station  in  Buzzards  Bay  (83).  In  each  case,  that  station,  within  each  group, 
has  been  selected  from  which  the  greatest  number  of  spedes  was  recorded.  Thus,  61 
species  of  animals  and  20  species  of  plants  were  found  at  station  no,  7656;  81  animals 
and  13  plants  at  no.  7730;  73  animals  and  14  plants  at  no.  52;  and  68  animals  and  11 
plants  at  no.  83.  These  are  accordingly  not  typical  dredge  hauls  in  the  sense  of  being 
average  ones,  numerically  speaking."  On  the  other  hand,  the  bottoms  which  were 
traversed  were  probably  characteristic  enough  of  the  regions  which  they  represent. 

No  attempt  has  been  made  by  us,  here  or  elsewhere,  to  count  the  number  of  ituH- 
■widval  organisms  taken  in  a  single  haul  of  the  dredge.  Such  figures  are,  however,  so 
entirely  dependent  upon  the  character  and  size  of  the  dredge  employed,  and  the  dura^ 
tion  of  the  haul,  that  we  do  not  believe  that  the  value  of  any  results  of  this  sort  would 
have  been  commensurate  with  the  labor  involved  in  counting. 

Even  these  maximum  figures  from  our  dredging  in  Vineyard  Sound  and  Buzzards 
Bay  fall  much  below  some  of  those  offered  by  Herdmanand  Dawson  (1902,  p.  2oetseq.}. 
For  example,  in  three  successive  hauls  in  the  neighborhood  of  Port  Erin,  at  depths  of 
16  to  18  fathoms,  these  writers  record  93,  iii,  and  156  species  of  animals.  Moreover, 
we  are  informed  that  these  hauls  are  "characteristic"  and  not  "picked"  ones,  being 
made  "for  tho  purpose  of  comparison  with  some  published  from  other  seas."  Further 
comparisons  between  the  fauna  of  our  region  and  that  of  the  Irish  Sea,  in  respect  to 
wealth  of  species,  will  be  found  on  pages  88  and  89. 

•  Hk  Diunbers  lor  thai  lUtioas  arc  nbout  twice  the  tvatge  am.    Scr  p.  ?!• 
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FISH   HAWK  STATION  7656. 

August  12,  1904. — North  end  Peoikese  Island  W.  by  S.,  $i4  miles;  Dumpling  Roclc 
Light  NNW.  H  W.,4Hmiles;  Sfathoms;  sandymud;  7-foot  beam  trawl,  scrape  dredge; 
drift  NE.  H  mile. 

Aniuals. 
Hvdrozoa: 

?Obelia  geniculata  (on  Laminaria). 

Tubularia  crocea  (few  colonies). 
Brvozoa: 

£tea  anguina. 

Bugula  tunita. 

Cellepora  americana. 

Lepralia  sp.  (americana  or  pallasiana). 

Membranipora  piloaa. 

Sdiizoporella  unicornis. 
Annlxata; 

Arabella  opalina  (i). 

Brada9etosa(i}. 

Cistenides  gouldii  (1  tube). 

Clymenella  torquata  (several  tubes). 

Diopatra  cuprea  (few  tubes). 

Harmotho£  imbricata  (i  tube). 

Lumbrineris  hebes  (i). 

Nepbthys  incisa  (several). 

Nicolea  simplex  {3  tubes  on  Laminaria). 

NinoE  uigripea  (several). 

Rhynchobolus  americanus  (i). 

Spioctuetopterus  oculatus. 

Spirorbis  gpirorbis  (on  Laminaria,  etc.). 

Trophania  affinb  (several). 
Cirkipsdia: 

Balanussp.  (probably  ebumeus)  (few). 
Decapoda; 

Cancer  inoratus  (several). 

Libinia  ematginata  (several  large  and  sm. 


111). 

Neopanope  texana  sayi  (i). 

Pagurus  lougicarpus  (several  in  shelUof  Nassa). 
Amphipoda: 

.Eginella  kmgicomis  (i). 

Amphithoe  rubricata  (i). 

Caprella  geometrica  (i). 

Ptilocheirus  pinguis  (many). 
Isopoda: 

Erichsonella  filifonnis  (i). 
Pslbcypoda: 

Anomia  simplex. 

Area  transversa  (few  shells). 

Astarte  castanea  (several  shells). 

Astarte  undata  (several  Shells). 

Callocardia  moirhuana  (few  shells). 

Cardium  pinnulatum  (few  shelb). 

Oidiophora  gouldiana  (few). 

Ensis  directus  (few  shells). 

Mytilia  edulis  (several  lar^  and  small  shells). 


Pe  lbc  vpoo  a— Continued- 

Nucula  ptDxIma. 

Petricola  pholadiformis. 

Tellina  tcnera. 

Venus  mercenaria  (few  small  shells). 

Yoldialimatula(i). 
Gastropoda: 

Anachis  avara  (few  shells). 

Astyris  lunata. 

Crepidula  fomicata  (few  shells  and  living). 

Crepidula  plana  (few  shells). 

Littorina  litorea  (i  shell). 

Tritia  trivittata  (several  shells). 

Turbonilla  vinte. 

Turtxmilta  winkleyi. 

Turbonilla  sp. 
Csphalopoda: 

Loligo  pealii  (eggs  and  young). 

Paralichthj^  oblongus  (i). 
Prionotus  caiolinus. 
Pseudopleuixmectes  americanus  (3). 
Spheroides  maculatus  (i). 
Stenotomus  chrysops  (many  young). 
Urophycis  tenuis  (i  living). 

PHAOPHyCB.6: 

Chorda  filum  (i). 

Chordaria  flagellifonnis  (many). 

Desmarestia  aculeata  (few). 

Dictyosiphon  hippuroides  (many). 

Ectocarpus  fasciculatus  (many). 

Laminaria  Agardhii  (many). 
RHODOPHYCBiS: 

Ahnfeldtia  plicata  (few). 

Caltith amnion  Bailey i  (many). 

Ceramium  rubrum  (many). 

Champ ia  parvula  (few). 

Chondrus  crispus  (many). 

Cystoclonium  purpurascens  (few). 

Cystoclonium    purpurascens '  var.    cirrhosum 
(tew). 

Dasyackgans  (i). 

Phyilophora  Bradizi  (many). 

Potynphonia  elongata  (1). 

Polysiphonia  nigrescens  (few), 

Rhodomela  subfusca  (i). 

Rhodymenia  palmata  (i). 

Spyridia  filamentosa  (few). 
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FISH  HAWK  STATION  7730. 
August  8,  1905. — (a)  Prospect  Hill-Nashawena,  115°  59',  Nashawena-Gay  Head, 
87"  59';  (6)  Prospect  Hill-Pasque,  92°  27',  Pasque-Gay  Head,  115°  22';  (c)  Prospect 
Hill-Pasque,   101°  57',  Pasque-Gay  Head,   118°  41';  12  fathoms;  hard  sand;  9-foot 
beam  trawl  and  mud  bag. 


Animals. 

FoRAUIHIPBILA: 

Biloculina  ringens, 

Discorbiua  rosacea, 

Miliolina  seminulum. 

Rotalia  beccarii. 
Pobitbra; 

Clicma  celata  (much). 
Hvdrozoa: 

Eudendrium  dispar. 

Halecium  haleciuum. 

Hydractinis  echinata. 

?Obelia  geniculata. 

Pennaria  tiarella. 
Bbyozoa: 

£tea  anguina. 

Bicellaria  ciliata. 

Bugula  tuirita.  , 

Cellepora  ai 

Hippuraria  ai 

Ijchenopora  vi 

Hembranipora  tenuis. 

Schiioporella  unicornis. 

Smittia  trispioosa  nitida. 
Asteroids  a; 

Asteiias  fbrbesi  (i). 

Asterias  vulgaris  (1). 

HenHcia  sanguinolenta  ( i  large). 
OpmunoiDBA: 

Afflphipholis  squamata. 


Ectaiaarochnius  panna  (a  shelb  end  i  living). 
Annulata: 

Diopotra  cuprea  (i  tube). 

Harmothoe  imbricata  (i). 

Lepidonotus  squamatus. 

Nicolea  simplex  (3). 

PseudopotamiUa  oculifera  (many  tubes), 

?Spirorbis  spirorbis  (few). 
Copbpoda: 

Aigulus  megalops  (i). 
Dbcatoda: 

Cancer  iiroratus  (Kveral). 

Crago  septemspinosus  (i). 

Homarus  americanus  (several), 

Libinia  emarginata  (many  small), 

Ovalipes  ocellatus  (few). 

Pagurus  acadianus  (several). 

Pagunu  annulipes  (several). 

Pagunis  longicarpus  (few). 


Ahphipooa: 

^ginella   longiconiis   (very   many   lafge   and 

Ampelisca  macrocephala  (i). 

Ampelisca  spinipes  (3). 

AmphitboE  rubricata  (1). 

ByblisserT^ta(4), 

Comphium  cylindricum  (1). 

Ericthonius  minax  (4  mates,  1  female), 

Ericthonius  rubricomis  ( i  female). 

Pontogenia  inennis  (lo  small). 

Unciola  irrorata  (a  small). 
Isopoda: 

Edotea  montosa  (i). 

Erichsonella  filiformb  (1). 

Idothea  pbospborea  (several). 
PBlEcvpoda: 

Aaomia  simplex  (many  shelb). 

Astarte  undata  (several  shells). 

Callocardia  morrhuana. 

Cardium  pinnulatum  (few  living  and  ^Ib^ 

Clidiophora  gouldiana  (i  living  and  i  shell). 

Cyclas  islaodica  (i  shell). 

Divaricella  quadrisulcata  (1  shell). 

Ensis  directus  (t  shell). 

Lyonsia  hyalina  {3  shells). 

Modiolaria  nigra  (few  very  small  living). 

Mytilus  edulis  ( i  living). 

Nucula  proxima  (i  shell). 

Pectengibbusboreali3(T  fragment  and  i  shell), 

Pecten  magellanicus  (i  fragment). 

Spisula  solldis^ma  (several  shells). 

Tellina  tenera  (few  living  and  i  shell). 

Venericardia  borealis  (few  shells). 

Venus  mercenaria  (i  large  shell). 
Gastropoda; 

Anachis  avara  (few). 

Astyris  Iimata. 

Lacuna  puteola  (3). 

Polynices  heros  (several). 

Tritia  trivittata  (few  living  and  shelb). 

Vermicularia  sptrata  { 1  shell). 
Cephalopoda: 

Loligo  pealii. 
Tukicata: 

Amaroucium  stellatum. 
Pisces: 

Pseudopleuronectes  americanus  (3). 

Ila}a  erinacea  (3). 
?Rajaoce11ata(i). 


.Google 


BUI,I,BTIN  OP  THE  BUREAU  OP  PISHBRIBS. 


Chorda  filum  (drifted  fragments). 
Desmarestia.  aculeata  (few). 
Desmarestia  viridis  (few). 
Dictyo^phon  hippuroides  (few). 
Fucus  vesiculosus  (drifted  fragment). 
Sargassum  Filipenduln  (drifted  fragments). 


Rhodophvcea: 

Agardhiella  tenera  (few). 

Antithamnkm  cntcUtum  (few). 

Ceramium  tenuiasimum  (few). 

Cystoclonium    ptirpurascens    var.    cinbosum 

(many). 
Grinnellia  americana  (i). 
Poly^pbonia  elongata  (few). 
Poly»pbonia  nigrescens  (numy). 


PHALABOPE    ST.^TION    53. 

August  II,  1904. — 7-6/^  fathoms;  shelly  and  gravelly. 


Hvdrozoa: 

Tubularia  crocea  (few  tubes). 
BkVOZOa: 

Bugula  turrita  (many). 
ASTBROIDBAl 

Asterias  forbesi  (several). 

Asterias  vulgaris  (several). 

Henricia  sanguinolcnta  (3), 
Ecbinoidea: 

Arbacia  punctulata  (few). 

Echinarachnius  parma  (many). 

Strongylocentrotus     droebachienws     (several 
living). 
AmniLATA: 

Diopatia  cuprea  (many  tubes). 

Harmotho£  imbricata  (commcm). 

Hydroides  diantbus  (few). 

Nephthys  incisa  (i  tragmtnt). 

Nereis  pelagica  (several). 

Pista  sp.  (fragment  of  1  tube). 

Pseudopotamillaoculifera(i). 

Sabellaria  vulgaris  (i  tube). 
Dkcapoda: 

Cancer  iiroratus  (many  small). 

Crago  septemspinosus. 

Libinia  emarginata  (several  small). 

Pagunis  acadianus  (a  small). 

Pt^jurus  annulipes  (few). 
,  Pagunis  longicarpua  (many). 

Amphipoda: 

Corophium  cylindricum  (i). 

lachyrocerus  anguipes  (1  small). 

Uncbla  irrorata  (t). 
Isopoda: 

Hrictisonella  filiformis. 
PelBcvimda; 

Anomia  aculeata  (i  sliell). 

Anomia  simplex  (few  shells). 


Area  transversa  (few  living  iuid  shells). 
»  Tlie  DomrNiicc  o[  ttili  ipMlM  In  (hi  pnsvaC  dradge  haul  Is  Imiplkable    Tb«  ■pMlnMia 
im  shaie.  behiE  rettlned  In  the  oat,  perluF*,  from  the  prcndlot  baur. 


Pel  ecvpoD  a— Continued . 

Astarte  castanea  (several). 

Astarte  undata  (few). 

Cailocardia  morriiiuuia  (many  shells). 

Cardium  piimulatum  (common,  living). 

Clidiophora  gauldiana  (many  shells). 

Cochlodesma  leatium  (abimdant). 

Corbula  contracta  ( i  shell). 

Crassinella  mactracea  (many  living). 

Crenella  glandula. 

Cumingia  tellinaides  (few  shells). 

^nsis  directns  (small  living). 

Lyonsia  hyalina  (i  living). 

Modiolaria  nigra  (few  shells). 

Modiolus  modiolus  (few  sheila). 

Mulinia  lateralis  (few  shells). 

Mytilusedulis(few). 

Nucula  proxima  (few).  ' 

Pecten  magellanicus  (i  shell). 

Petricola  pholadiformis  (3  shells). 

Spisula  solidissima  (many  shells). 

Tellina  tenera  (tew  shells). 

Venericardia  borealis. 

Venus  mercenaria  (tew  shells). 

Voldia  limatula  (i  shell). 
Gastropoda: 

Anachis  avara  (several  sheila). 

Astyris  lunata  (many  living). 

Busycon  canaliculatum  (1). 

Cacumcooperi. 

Cerithiop^semersonii  (i  shell). 

Crepidula  convexa  (several  living). 

Crepidula  fomicata  (many  shells). 

Crepidula  plana  (many  living). 

Lacuna  puteola  (few  shells). 

Littorina  rudis  (i  living,  a  shells). ' 

Polyn ices  duplicata  (few,  i  living). 

Polynices  heros  (few  shells). 

Polynices  triseriata  (several  living  and  shells). 

Tritia  trivittata  (living  and  many  shells). 

lulitlsHs  cunc  Irom  much 
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G  A  sTROPODA — Continue  d . 

Urosalpinx  cinereus  (few). 
Amphinbura: 

Chsetopleura  apiculata  (several). 

CEPHALOPODA : 

Loligopealii  (i  mass  of  eggs). 

Myoxocephalus  teneus  (few). 
Raja  sp.,  egg  capsule  (i). 

Phsophycbm: 

*       Chordariaflagellifonnis  (few). 
Ralfsia  clavata  (few). 


Rhodophvcba: 

Agardhiella  teaera  (many). 
AntithamnioTi  cniciatum  (tew). 
Corallina  officinalis  (few). 
Cystocloniuro  purpurascens  (few). 
Cystoclonium    purpurascens   var. 

(few). 
Griffithsia  BometiBna  (few), 
Lithothamnion  polymoiphum  (few) 
Phyllophora  Brodieei  (few). 
Polysiphonia  nigrescens  (many). 
Rhodymeniapa][nata(few). 
Seirospora  Griffithsiana  (many). 
Spyridtafilamentosa(maiiy). 


PHALAROPE   STATION    83. 

Juiy  12,  1905. — North  shore  of  Pasque  Island;  5-7  fathoms;  sand. 


Animals. 
Forawnifbba: 

Miliolina  circularis. 
Porifbra: 

Cliona  celata  (3  pieces). 
Hvdrozoa: 

Hydractinia  echinata. 

Sertularia  sp. 

Thuiaiia  argentea. 

Tubularia  crocea  (dead  tubes). 
Actinozoa: 

Astrangia  danx  (several  small). 
Ervozoa: 

<Etea  anguina. 

Bugula  tumta. 

Ciisia  eburaea  (few) . 

Hippothoa  hyalina. 

Lepralia  sp.  (ai 

Membranipora  pilos 

Membranipora  tenu 

Schiioporella 

Smittia  trispinosa  nitida. 
Astsroidsa: 

Asterios  vulgaris  ( 1  small). 

Henricia  sanguinolenta  (i  small). 
Ecuinoidba: 

Arbscia  punctulata  (spines) . 

Hchinarachniusparma  (i  shell). 

ANtiUlATA: 

Dlopatra  cuprea  (few  tubes). 
Hannothoe  imbricata  (2  very  smalt). 
Rydroides  dianthixs  (several). 
LepidoDotus  squamatus  (i). 
Nereis  arenaceodentata  (1). 
Nereis  pelagica  (1  young). 
Pista  sp.  (fragments  of  several  tubes). 
Spirorbbsp.  (itubes). 


CntRiPBDiA: 

Balanus  sp.  (probably  ebumeus)  (few). 
ScBizopoo: 

Scbizopod  (undetermined). 
Decapoda: 

Crago  septemspinosus  (many). 

Homanis  americanus  (i  fragment). 

Libinia  emai^nata. 

Pagurus  annulipes  (several). 

Pagurus  longicarpus  (common). 
Auphipoiia: 

Leptochelia  savignyi. 
Isopoda: 

?Edotea  acuta  (i). 
Insect a: 

Sarcopbaga  sp.  larva  (probably  not  actually 
dredged  from  bottom). 
Pelbcypoda; 

Area  transversa  (several). 

Astarte  castanea  (few  living). 

Callocardia  morrhiuma  (few). 

Cardium  pinnulatum  (several  shells). 

Clidiophora gouldiana  (i  living), 

Corbula  contracta  (few  shells). 

Craasinella    mactracea    (several    living    and 
shelbi). 

Crenella  glandula  {2  shells). 

Cumingia  tellinoides  (i  shells). 

Ends  directus  (shells) . 

Mytilus  edulis  (fragments  and  young). 

Ostrea  virginica  (i  living). 

Pecten  gibbus  borealis  {2  shelb). 

Yoldia  lima  tula  (few,  i  living), 
Amphinbura: 

Chstopleura  apiculata  (2). 
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Gastsopoda: 

Anachis  avara  icomiDon,  living  and  ahells). 

Astyris  lunata. 

Cochlodesma.  leanuni  {i  shell). 

Crepidula  convexa  (t  living). 

Crepidula  fMnicata  (many  shells). 

Crepidula  plana  (few). 

Eupleitfa  caudata  {several  shells). 

Littonna  litorea  (i  shell). 

Polynices    Uiseriata    (common,    living    and 
shelU). 

Tritia  trivittata  (many  living). 

Urosalpinx  cinereus  (few  shells). 

Vennicularia  spirata  (several  shells). 
Tunicaia: 

Dideronutn  lutarium  (several  masses). 

Mol^la  manhattensis  (3). 


Pisces: 

Myoxocephalus  leneus. 

Plants. 
Phmophvcbm: 

Desmarestia  aculeata  (many). 

LeathesiadiSormis(i  drift). 
Rhooophvcbx: 

Callithanmion  loseum  (1). 

Corallina  officinalis  (i  drift). 

Cirstoclonium    purputascens   var. 
(many). 

Phyllophora  BrodiKi  (many). 

PhyHophora  membranifolia  (many), 

Polyides  rotundus  (many). 

Polysiphonia  nigrescens  (many). 

Polysiphonia  urceolata  (1). 

Rbodomela  subfusca  (i). 


2.  THE  DISTRIBUTION  CHARTS. 

We  have  deemed  it  advisable  to  publish  a  lai^e  number  of  charts  portraying  the 
distribution  of  species  as  revealed  by  the  station  records.  It  is  not  likely  that  the 
lists  of  station  numbers  given  in  the  text  for  each  species  will  often  be  translated  by 
the  reader  into  definite  localities;  while,  on  the  other  hand,  the  generalized  statements 
of  the  authors  are  necessarily  incomplete  and  at  best  do  not  take  the  place  of  graphic 
representations  such  as  the  charts.  Some  explanation  is  necessary  for  a  proper  under- 
standing of  these  last.  With  a  few  exceptions,  they  are  based  upon  the  records  of  the 
regular  dredging  stations  only,  i.  e.,  those  for  the  years  1903,  1904,  and  1905."  No  data 
derived  from  outside  information,  however  reliable,  have  been  included  here,  nor  even 
data  from  our  own  shore  collecting,  or  (exceptions  a^de)  from  our  supplementary  dredg- 
ings  and  repetitions  of  earlier  stations,  though,  of  course,  such  additional  data  have 
been  incorporated  in  the  text.  The  exceptions  mentioned  include  the  "bis"  stations 
as  a  whole  {see  p.  55),  the  records  from  which  have  been  plotted  for  all  species. 
In  the  case  of  the  Foraminifera,  hydroids,  and  Bryozoa,  many  records  derived  from 
supplementary  dredgings  {repeated  stations)  during  the  summers  of  1906-1909  have 
been  plotted  upon  the  charts.  This  has  been  considered  advisable  owing  to  the  probable 
imperfection  of  the  original  records  for  all  of  these  organisms. 

Such  procedure  is  open  to  two  objections.  In  the  first  place,  the  repeated  stations 
are  at  best  rather  rough  approximations  to  the  original  ones  whose  numbers  have  been 
given  them.  Even  with  the  greatest  care,  it  is  impossible  to  lower  a  dredge  at  precisely 
the  same  point  as  on  a  previous  occasion,  and  in  the  case  of  most  of  our  repetitions,  lack 
of  time  prevented  the  maneuvering  necessary  to  a  very  exact  location  of  the  spot  origin- 
ally charted.  In  the  second  place,  the  repeated  stations  were  not  distributed  with  any 
regularity  throughout  the  region  dredged,  and  unless  due  caution  is  exercised  the  results 
of  these  are  likely  to  be  misleading.  Moreover,  since  the  records  from  these  have  been 
plotted  only  for  certain  groups,  undue  emphasis  has  in  some  cases  probably  been  thrown 
upon  the  latter.     Despite  these  objections,  however,  we  believe  that  the  distributions 

n  locludini  Ibc  amplnkn  ol  the  wnum  ihcin  of  Biuuidi  Biy  ia  1907. 
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of  the  species  in  question  have  been  portrayed  more  fairly,  on  the  whole,  than  if  the 
supplementary  records  had  been  omitted. 

Without  making  certain  allowances  one  might  be  greatly  misled  by  these  charts. 
Some  of  the  sources  of  possible  misconception  have  just  been  referred  to.  For  all  groups 
the  greater  apparent  abundance  of  various  species  in  Vineyard  Sound,  as  compared  with 
Buzzards  Bay,  is  frequently  to  be  explained  merely  by  the  greater  number  of  dredging 
stations  in  the  former.  The  Fish  Hawk  was  employed  during  two  seasons  upon  the 
Vineyard  Sound  series  of  stations,  while  systematic  dredging  by  this  vessel  in  Buzzards 
Bay  was  limited  to  the  summer  of  1904.  Thus  there  are  218  FwA //am*  stations  in  Vine- 
yard Sound  and  only  66  in  Buzzards  Bay,  although  the  latter  is  a  considerably  larger 
body  of  water.  The  concentration  of  stations  in  the  Sound,  so  obvious  upon  the  chart, 
is  thus  explained.  The  latter  condition  is  emphasized  by  the  inclusion  in  the  distri- 
bution charts  of  records  from  the  "bis"  stations  (see  above),  all  of  which  were  in  Vine- 
yard Sound.  This  disparity  in  the  thoroughness  with  which  the  two  bodies  of  water 
were  worked  was  due  (i)  to  the  fact  that  the  earlier  and  more  or  less  experimental 
dredgings  were  conducted  in  Vineyard  Sound,  and  it  was  regarded  as  desirable  to  repeat 
these;  and  (2)  to  the  greater  uniformity  of  conditions  throughout  the  bottom  of  Buz- 
zards Bay,  rendering  it  unnecessary  to  dredge  at  such  frequent  intervals. 

Another  point  for  which  allowance  must  be  made  is  the  fact  that  the  apparent 
absence  of  a  spedes  from  a  given  area  is  in  some  cases  due  merely  to  the  absence,  for  the 
time,  of  a  collector  accustomed  to  search  for  this  particular  form,  or  even  to  the  lack 
of  dredging  apparatus  suitable  for  bringing  it  up.  Such  cases,  and  other  possible 
sources  of  error,  will  be  discussed  in  their  proper  places  in  connection  with  particular 
groups  of  animals. 

Finally,  reference  must  be  made  to  certain  spurious  distribution  patterns,  which 
result,  not  from  any  defect  in  our  own  methods,  but  from  the  transportation  of  organic 
remains  to  points  where  the  animals  themselves  had  probably  never  lived.  As  an 
illustration  of  this  phenomenon  we  may  mention  the  occurrence  of  shells  of  the  common 
oyster  in  the  deeper  parts  of  Vineyard  Sound,  where  their  presence  is  probably  to  be 
attributed  to  passing  vessels.  Another  instance  is  the  transportation  of  littoral  shells 
(e,  g.,  Litlorina  Htorea)  by  hermit  crabs,  and  it  is  likely  that  the  lighter  shells  of  certain 
mollusks  and  the  remains  of  various  other  organisms  are  carried  to  considerable  distances 
by  currents. 

The  distribution  charts  are  reproduced  from  maps  plotted  out  by  Mr.  James  W. 
Underwood  and  Miss  Edith  Chapman.  These  assistants  employed  a  blank  form  based 
upon  a  chart  prepared  by  the  draftsman  of  the  Bureau,  Mr.  W,  F,  Hill.  The  stars  were 
first  put  in  with  a  rubber  stamp  and  then  filled  out  with  a  drawing  pen  and  india  ink. 
Owing  to  the  crowding  of  stations  or  the  proximity  of  some  of  these  to  shore,  the  star  is, 
in  many  cases,  at  some  distance  from  the  station  to  which  it  belongs. 

It  has  not  been  thought  worth  while  to  plot  the  distributions  of  any  species  which 
were  taken  at  less  than  10  of  the  stations.  On  the  other  hand,  the  distributions  of  all 
animals,"  with  a  few  special  exceptions,  which  were  listed  from  10  or  more  stations 
have  been  presented  herewith.     Thus  the  charts  are  restricted  to  the  more  representa- 

a  This  itatoneat  does  not  strictly  hold  for  the  plants. 
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tive  species  comprised  in  our  local  benthos.  In  many  cases,  however,  highly  instructive 
data  have  been  obtained  regarding  forms  of  less  frequent  occurrence.  Such  have  been 
referred  to  in  the  text. 

Records  entered  as  doubtful  have  been  excluded  in  plotting  the  distribution  charts. 
In  the  charts  for  the  shell-bearing  mollusks  and  echinoderras,  and  for  the  coral  Astrangia, 
it  will  be  found  that  the  stars  are  in  many  cases  surrounded  by  circles.  The  circle  in 
each  case  indicates  that  one  or  more  living  specimens  were  recorded  from  the  station  in 
question;  absence  of  the  circle  implies  either  that  the  records  indicate  the  presence  oi 
dead  shells  only,  or  that  no  statement  has  been  made  on  the  subject. 

3.  THE  FAUNA  CONSIIMIRED  ACCORDING  TO  REGIONS  AND  HABITATS. 

Many  of  the  species  encountered  during  our  dredging  operations  were  found  to 
have  a  practically  unrestricted  distribution  mthin  the  waters  explored.  In  the  case 
of  many  other  species,  their  distribution  was  found  Co  be  definitely  restricted,  i.  e., 
they  were  adapted  to  particular  temperatures  or  to  particular  kinds  of  bottom.  These 
various  types  of  distribution  irill  be  discussed  at  some  length  in  relation  to  particular 
species  which  serve  to  illustrate  them,  and  many  cases  are  portrayed  graphically  by 
means  of  charts.  But  it  is  likewise  important  that  a  list  of  the  more  prevalent  species 
should  be  presented  synoptically  for  each  subregion  of  our  chart  and  for  each  variety  of 
habitat.  With  this  in  view  the  stations  were  tabulated  in  various  ways,  according  to 
the  type  of  bottom  or  the  like;  and  for  each  of  these  groups  lists  were  prepared 
compri^ng  all  of  those  species  which  were  taken  at  one-fourth  or  more  of  the  stations 
in  question."  We  believe  that  lists  thus  restricted  may  be  regarded  as  comprising 
only  such  species  as  are  truly  representative  of  these  various  bottoms.  It  must  be 
conceded,  however,  that  many  of  the  less  common  forms  which  do  not  appear  in  the 
lists  at  all  may  be  highly  characteristic  of  one  or  another  group  of  stations,  and  may, 
indeed,  be  limited  to  these. 

Preceding  the  lists  for  particular  waters  or  particular  types  of  bottom  we  present  a 
table  comprising  those  species  which  were  taken  at  one-fourth  or  more  of  the  total 
number  of  dredging  stations  of  the  Survey,  i.  e.,at  115  or  more  of  the  regular  stations,* 
It  is  believed  that  such  a  list  conveys  a  good  idea  of  the  prevailing  benthic  fauna  of  our 
local  waters,  so  far  as  we  can  speak  of  any  single  prevailing  fauna  where  the  conditions 
differ  so  widely.  This  list  will  perhaps  render  possible  the  detection  of  future  changes  in 
the  relative  abundance  of  certain  species. 

a  At  Snt  (oly  thoie  hmch*  wen  liiUd  which  wen  present  at  half  m  man  ol  ■  flvrn  pvnp  it  rtatjom,  but  it  wu  found  that 
all  ol  tbe  multiiig  Hit!  wen  veiy  biid.  and  that  they  omiitDl  many  bighly  ctaatacletlttlc  (onni. 

k  None  d  the  wiiplaiicntaTy  itatlnu.  except  the  "bu"  atitbna  al  1904.  have  been  ceoiideteil  in  the  pieinit  coimnitatkMU. 
The  idchisioa  cf  the  igog  records  woulddoubtleaichanre  the  nmpkxuaoE  these  tables  umewhat.  though  not.  we  betie\'e.  vctr 
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I.  Species  recorded  from  one-fourlh  (rij)  or  more  of  the  regular  dredging  stations  of  the 
Survey.' 


Poritbra: 

ClionaceIata(i7i). 
Actinozoa: 

Astrangia  dante  (15S). 
Brvozoa: 

Crisia  ebumca  (loi). 
"Bugula  turritft  {355). 

Schizoponlla  unicornis  (ig?). 

Smittia  trispinosa  nitida  (163}. 
Astsroidha: 

Heimciasanguinaleiit3(ii8). 

Asteriaa  forbe^  (306). 
Echinoidea: 

Arbacia  punctnlata  (i;6). 

Echinarachnius  parma  (170). 
ANNin^TA: 

Harmothof  imbricata  (189). 

I^idcmotus  squamatus  ( 165) 

Nereis  pelagica  (ipi). 

IHopatra  cuprea  (198). 
"Hydroidea  dianthus  (137). 
Ciuupsdia: 

Balanus  ebumeus  (161). 
Ahphipoda: 

UncioU  inoiBta  (115). 
Dbcapoda: 

Cr^o  septemspinosus  (169). 
"'Pagurus  longicarpus  (ago). 

Pagurus  anntUipea  (196}. 


Decapoda— Continued. 

Libinia  emaiginata  (192). 

Cancer  inoratus  (109). 

Neopanope  texana  sayi  (143). 
Pblbcvpooa: 

"Anoinia  simplex  (356). 

Pecten  gibbusborealis(i6a). 

Mytilus  edulis  (117). 

Modiolus  modiolus  (lao)- 
•Arca  transversa  (164). 

Nucula  proxima  (305). 

Crassinella  mactracea  (iSi). 

Cardlum  pinnulatum  (itg). 

Callocardia  morrbuBna  (193). 

Tellina  tenera  (193). 
''Ensis  directus  (135). 

Spisula  solidisdma  (133). 
'Clidiophora  gouldiana  (134). 

Corbula  coutracta  (138). 
Gastropoda: 

Tritia  trivittata  (373). 
*Aiiachis  avara  (395). 
•Astyris  lunata  (145). 

Urosalpinx  cinereus  (156). 

Littorina  litorea — thtUt  only  (131). 
•Crepidula  fomicata  (336). 
*Crepidula  plana  (391). 

Polynices  herns  (165). 

Polynices  triseriata  (144). ' 


II.  species  iiAich  were  taken  at 

one-fourlh  {55)  or  more  of  the  Fish  Hawk  siaUons  in 

Vineyard  Sound. 

PoRVBRA: 

Echinoidba: 

Cliona  celata  {76). 
Htdrozoa: 

Arbacia  punctulata  (lOi). 
Echinarachnius  parma  {130). 
Auuvlaja: 

Eudendrium  ramosum  (38). 
Hydractinia  echioata  (61). 

Actinozoa: 

NereUpe1agica{iis). 

Astrangia  dans  {70). 

Diopatra  cuprea  (75). 

Bkyozoa: 

Hydroidea  dianthus  (94). 

Crisia  ebumea  {97). 

Cirripbdia: 

Bugulatumta(i3s). 

Balanus  ebumeus  (83). 

Schizoporella  unicornis  (113). 

Dhcaivda: 

Smittia  trispinosa  nitida  (84). 

Celleporaamericana(55). 
Astbroidba: 

Paguiua  pollicaris  (70). 
Pagurus  longicarpus  (131). 

Henricia  sanguinolenU  (63). 

Pagurus  annulipea  (77). 

A3teriasfoTbesi(fi9). 

Libinia  emarginata  (99). 

Asterias  vulgaris  (73). 

Cancer  inoratus  (134). 

iiinb«rdiUtkni>t«hid)thc*pede>w»lDOnd.  Sptds an itund (in tbe fim 

In  ODly}.  whidi  wm  UkcD  at  one-lull  or  mon 

dthouUoo). 
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PHLpCYPOD  A — Continued . 

Clidiophora  gouldiana  (94). 

Cwbula  contracta  (64). 
Gastropoda: 

Tritia  trivitUta  (163), 

Anachis  avara  (131). 

Astyris  lunata  (116). 

Urasalpinx  ciiiereu3(63). 

Crepidula  fomicata  (144). 

Crepidula  plana  (136). 

Polynices  beros  (119). 
Cephaixipoda: 

Loligo  pealii  (55). 
Tunicata: 

Amarmicium  pelluddum  (57). 

In  a  considerable  measure  the  above  list  is  a  repetition  of  the  first.  Only  four 
species  comprised  in  the  first  list  are  wanting  in  the  second,  while  only  nine  additional 
ones  are  to  be  found  in  the  latter.  This  close  agreement  is  doubtless  due  to  the  fact  that 
the  Fish  Hawk  stations  in  Vineyard  Sound  are  more  than  three  times  as  numerous  as 
are  those  in  Buzzards  Bay.  They  thus  have  an  undue  share  in  determining  the  character 
ci  the  first  of  our  lists. 

III.  Species  taken  at  one-jourtH  {17)  or  more  of  the  Fish  Hawk  stations  in  BuzTords  Bay, 


Ampkipoda: 

Unciola  ihorata  (68). 
Pelbcvpoda'l 

Anomia  aiinplex  (93). 

Mytilus  edulis  (136). 

Modiolus  modiolus  (85). 

Area  transversa  {116). 

Nucula  pioidma  (81). 

Venericardia  borealis  (59). 

Astatte  castanea  (74). 

Crasunella  mactracea  (90). 

Cardium  pinnulatum  (66). 

Callocardia  morrbuana  (61). 

Tellina  tenera  (77). 

Bn^  directua  (94). 

^tsula  solidisnma  {140). 


Poripera: 

Cliona  celata  (31). 
AcnNozoA: 

Astrangia  dance  (19). 
Bbyozoa; 

Cri^a  ebuniea  (34). 

iStea  anguina  (31). 

Bugula  turrita  (35). 

Schizoporella  unicwnis  (31). 

Smittia  ttispimsa  nitida  (15). 
Astbkoidsa: 

Asterias  forbesi  (ij). 
ANnm-ATA; 

Nephthys  inciaa  (34). 

Diopatra  cuprea  (34). 

Ninoenigripes(3i). 

Rbynchobolus  americanus  (11). 

ChEetoptems  pergamentaceu*  (ai). 

Spiochtetoptenis  oculatus  (38). 

Cistenides  gouldii  (19), 

Clymenella  torquata  (15). 

Hydroidea  dianthus  (30). 


Balanus  ebumem  (36). 
Aupbipoda: 

Ampelisca  macrocephala  (17). 
Pdlocheinis  pinguis  (a6). 
Unciola  inorata  (zi). 


Dbcapoda: 

Oa^  septemspiiicaus  (38). 

Pagunis  longicarpus  (5a), 

Pagurus  annulipes  (37). 

Ijbinia  emarginatA  (39). 

Cancer  iiroratus  (36). 

Neopanope  texana  sayi  (31). 
Pelbcypoda: 

Anomia  simplex  (53), 

Pecten  gibbus  borealis  (33). 

Mytilus  edulis  (17). 

Area  transversa  (50). 

Nucula  proxima  (37). 

Yoldia  limatula  (44). 

Cras^ella  mactracea  (ii). 

Cardium  pinnulatum  (55). 

Ltevicardtum  mottoni  (16). 

Venus  mercenaria  (34). 

Callocardia  n»rrbuaiia  (56). 

Tellina  tenera  (37). 

Macoma  tenta  (19). 

Ensis  directus  (40). 

Mulinia  lateralis  (4;). 

Clidiopbora  gouldiaia  (53). 
Gastropoda; 

Busycon  canaliculatum  (33). 

Tritia  trivittata  (65). 

Anachis  avara  (3;). 
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Gastropod  A— Continued . 
Astyria  liinata  (i8). 
Eupleura  caudata  (40). 
UiDsalpim  cinereua  (18). 
I^ttorina  litorea  (18). 
Crepidula  fomicata  (55). 


Gastropoda— Continued . 

Crepidula  plana  (46). 

Polyuices  duplicata  (31). 

Polynices  triseriata  {30). 
Cephalopoda: 

I^ligo  pealii  {18). 


The  cumber  of  species  in  the  foregoing  list  (55)  is  slightly  greater  than  that  in  the 
one  immediately  preceding  it  (51).  It  will  be  shown  later  that  the  average  number  of 
species  per  dredge  haul  was  hkewise  somewhat  greater  in  Buzzards  Bay.  This  is  true 
despite  the  fact  that  in  the  aggregate  about  25  per  cent  more  species  were  taken  in 
Vineyard  Sound  than  in  Buzzards  Bay.  Of  the  55  species  contained  in  the  foregoing 
table,  33  (55  per  cent)  are  common  to  the  list  for  the  Fish  Hawk  stations  in  Vineyard 
Soimd,  while  32  are  to  be  regarded  as  more  particularly  characteristic  of  Buzzards  Bay. 
On  the  other  hand,  18  of  the  more  prevalent  spedes  in  the  Sound  list  do  not  appear  in 
that  for  the  Bay.  Of  the  32  characteristic  Bay-dwelling  species,  7  are  annelids  and  11 
are  moUusks;  the  18  species  peculiar  to  the  Vineyard  Sound  list  are  more  diverafied. 

The  Phalarope  and  Blue  Wing  stations  represent  dredgings  in  the  shoaler  waters, 
and  are  for  the  most  part  much  closer  to  land  than  those  of  the  Fisk  Hawk.  The  more 
prevalent  spedes  from  these  stations  will  therefore  be  presented  in  separate  lists. 

IV.  Species  taken  at  one-fowih  (19)  or  more  of  the  Pkalarope  and  Bhie  Wing  stations  in 
Vineyard  Sound. 


PoaiPBRA: 

PGrantia  ciliota  (ii). 

Clkma  celata  (3a). 
Hvdrozoa: 

Tubularia  crocea  (37). 
Actikozoa: 

Astrangia  daiue  (a6). 
Brvozoa: 

Ciina  ebumea  (50). 

Bugula  tuirita  (43 ) . 

Schizoporella  unicornis  (29}. 

Smittia  trispinosa  nittda  (35). 
Asthroidea: 

Henricia  sanguinolenta  (36). 

Asterias  forbesi  (14), 
Echinoidba: 

Ecbinarachnius  panna  (31). 
Annul  AT  a: 

HannothoC  imbricata  (40). 

Lepidonotus  squamatus  (37). 

Nereis  pelagica  (51). 

Diopatra  cupiea  (35). 

Hydroides  diantbus  (47). 
Ahpbipoda: 

AmpbithoC  rubricata  (36). 

Corophium  cylindricum  (11). 
Isopoda: 

Idothea  phosphorea  (30). 

Brichsonelta  filiTonnis  (15). 


Dec  APOD  a: 

Crago  septetnsptnosus  (37), 

Pagurus  longicarpus  (46). 

Fagurus  annulipes  (44). 

Libinia  emaiginata  (ig). 

Cancer  inoratus  (33). 

Neopanspe  texana  sayi  (33). 
Pelbcvpoda; 

Anomia  simplex  (41}. 

Anomia  actileata  (38). 

Pecten  gibbus  borealis  {36). 

Mytilu*  edulis  (43). 

Area  transveisa  {36). 

Nucula  proxima  (35), 

Crassinella  mactracea  (33). 

Cardium  ptnnulatum  (35). 

Callocardia  morrhuana  (30). 

Tellina  tejiera{3i). 

Ensis  directus  (33). 

Cumingia  tellinoides  (33). 

Spisula solidissima  (35), 

Clidiophora  gouldiana  (38). 
Gastropoda: 

IVtia  trtvittata  (59). 

Anachis  avara  (63). 

Astyris  lunata  (57)".      * 

Urosalpinx  cinereus  (36). 

Littorina  Utorea  (19). 
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Gastropoda— Omtinued. 
Lacuna  puteola  (39). 
Crepidula  fornicata  (55). 
Crepidula  plana  (50). 
Polynice5heroa(i7). 
Polyaices  triseriata  (35). 


Tunicata: 

Amaroucium  pellucidum  (35). 
AmaiDucium  pellucidum  constellatum  (aj). 
Didemnum  lutarium  (14). 

Myoxocephalus  omeus  (ai). 


The  number  of  species  here  comprised  is  very  close  to  those  in  the  two  lists  immedi- 
ately preceding  it.  Of  the  54  species  here  present,  38  (70  per  cent)  were  contained  in  the 
list  for  the  Fish  Hawk  stations  of  Vineyard  Sound,  16  being  wanting  from  the  latter. 
Conversely,  the  Fish  Hawk  list  contained  13  species  which  do  not  appear  in  that  for  the 
Phalarope.  It  does  not  follow,  by  any  means,  that  a  species  which  is  limited  to  one  or 
the  other  of  these  lists  is  actually  restricted  as  to  depth  or  proximity  to  shore.  Indeed, 
most  of  them  appear  with  considerable  frequency  in  the  dredgings  of  both  vessels.  Of 
the  16  species  which  are  confined  to  the  PhalaroPe  list,  only  3  show  a  marked  restriction 
to  the  vicinity  of  the  shore  line.  These  are  Amphilhoe  rubricata,  Lacuna  puteola,  and 
Littorina  lilorea.  The  last  named,  as  is  well  known,  is  strictly  Uttoral  (i.  e.,  tntertidal) 
in  its  habitat.  The  dredging  records  refer  exclusively  to  shells,  most  or  all  of  which  were 
doubtless  transported  from  the  shore  by  hermit  crabs.  On  the  other  hand,  of  the  13 
species  restricted  to  the  Fish  Hawk  list,  only  6  give  any  evidence  of  a  preference  for 
deeper  waters  than  those  dredged  by  the  Phalarope  and  Blue  Wing.  These  are  Euden- 
drium  ramosum,  Cellepora  americana,  Asterias  vulgaris.  Modiolus  modiolus,  Venericardia 
borealis,  and  Astarle  castanea.  In  the  case  of  the  last  two  species  named,  the  avoidance 
of  the  inshore  waters  is  quite  obvious.     Of  the  others  this  can  not  be  stated  as  confidently. 


V.  species  taken  at  one-fourth  (jj)  0 

Porifbra: 

Cikma  celata  (ji). 
Hydrozoa;  • 

Hydractinia  echinata  (3J). 
Achnozoa: 

Astrangia  dame  {33). 
Brvozoa: 

Crista  ebumea  (30). 

Bugulatunita  {45), 

Schizoporella  unicornis  (35). 

Smittia  triaptnosa  nitida  (19). 
Asthroidba: 

Asterias  forben  (39). 
EcinNoiDBA: 

Arbacia  punctulata  (39). 
Annulata: 

Hannothoe  jmbricata  (40). 

L«pidonotus  squamatus  (18). 

Diopatra  cuprea  (53), 

Pista  palmata  (15). 

Clymenella  torquata  (94). 

Hydroides  dtanthts  (66). 
CnuuPBDiA: 

Balanus  ebumeus  (17). 


e  of  the  Phalarope  stations  in  Buzzards  Bay. 

Dbcapoda: 

Crago  septemspinosus  (41). 

P^urus  longicarpus  (59). 

Pagurus  annulipes  (48), 

Libiniaemarginata(i5). 

t^eopanope  texana  sayi  (37). 
Pslhcypoda: 

Anomta  implex  (68). 

Pecten  gibbus  borealis  (61). 

Area  transversa  (61). 

Nucula  proxima  (61). 

Voldia  limatula  (>6), 

Crassinella  mactacea  (39). 

Cardium  pinnulatum  {61). 

Lsvicardium  mortoni  (6o). 

Venus  mercenaria  (41). 

Callocardia  morrhuana  (54). 

Tellina  tenera  (48). 

Rnsis  directus  {(&). 

Cumingia  tellinoides  (38). 

Spisuta  solidissima  (iS). 

Hulinia  lateralis  (30). 

Lyonsia  hyalina  (31) 

Clidiophora  gouldiana  (59). 

Corbula  contracta  (36). 
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Ahphinsura: 

ChSEtopleura  apiculata  (13). 
Gastropoda: 

Busycon  canaliculatuin  (34). 

Tritia  trivittata  (85). 

Anachis  avara  (64). 

Astyris  luoata  (54). 

Eupleura  caudata  (37), 

UroBalpiiuc  cmereus  (39). 


Gastropoda  — Continued . 

Bittium  altematum  (37). 

Littorina  litorea  (54). 

Crepidula  fomicata  (72). 

Crepidula  convexa  (31). 

Crepidula  plana  {58). 

Polynicea  diiplicata  (36). 

Polynices  triseriata  (30). 
Tunicata: 

Dideronum  lutarium  (17). 


The  total  number  of  species  in  the  foregoing  list  (54)  b  exactly  the  same  as  that 
contfuned  in  the  one  immec^tely  preceding  it.  In  fact  there  has  been  a  rather  striking 
unifonnity  in  the  numbers  comprised  in  these  lists,  ranging  as  they  do  from  46  to  55. 
Of  the  54  species  in  the  foregoing  table,  41  (76  per  cent)  are  common  to  this  and  to  the 
list  of  Fish  Hawk  species  in  Buzzards  Bay.  On  the  other  hand,  a  number  not  much 
inferior  to  this  (37  =  69  per  cent")  are  common  to  the  present  list  and  to  that  given 
for  the  Pkalarope  stations  of  Vineyard  Sound,  among  the  latter  being  some  which  are 
not  recorded  in  the  other  Buzzards  Bay  list.  A  few  others  in  this  list  are  only  found 
elsewhere  in  the  Fish  Hawk  list  for  Vineyard  Sound. 

While,  therefore,  the  Pkalarope  list  for  Buzzards  Bay  resembles  the  Fish  Hawk  list 
for  Buzzards  Bay  more  closely  than  any  of  the  others,  it  must  be  pointed  out  that  it 
cont^ns  a  considerable  number  of  species  which  are  prevalent  throughout  the  Sound, 
but  which  in  the  Bay  are  to  be  found  only  at  the  inshore  dredging  stations.  This  fact, 
which  is  not  very  strikingly  illustrated  by  these  figures,  wilf  appear  much  more  clearly 
when  the  charts  portraying  the  distribution  patterns  of  certain  species  are  scrutinized. 

Tables  have  likewise  been  prepared  listing  the  "prevalent"  species  for  each  type  of 
bottom.  The  same  criterion  has  here  been  employed  of  admitting  only  those  species 
which  have  been  encountered  at  one-fourth  or  more  of  the  number  of  stations  belonging 
to  the  group  in  question. 

After  considerable  thought  the  following  classification  of  bottoms  has  been  adopted 
for  present  purposes,  not  as  being  an  ideal  one,  but  as  being  the  most  simple  one  possible 
consistent  with  a  fair  regard  for  accuracy.  The  only  strictly  exact  classification  would 
recognize  as  many  types  of  bottom  as  there  are  combinations  of  ingredients  Usted;  but 
such  a  classification  would  be  altt^ether  too  cumbersome  for  the  purposes  of  our  statis- 
tical treatment.  We  reaUze  that  the  grouping  here  employed  must  result  in  a  quite 
inadequate  characterization  of  the  habitat  of  many  species.  A  specimen  may  ostensibly 
have  come  from  a  muddy  or  a  sandy  bottom,  when,  in  reaUty,  it  was  growing  attached 
to  a  shell  or  other  sohd  object.  We  have,  nevertheless,  included  as  muddy  and  sandy 
those  twttoms  in  which  shells  were  likewise  recorded.  This  has  been  done  for  the  reason 
that  shells  or  fragments  of  these  were  scarcely  ever  wholly  lacking  from  the  contents 
of  the  dredge.  Again,  certain  living  mollusks  which  move  freely  over  the  bottom  afford 
support  for  attached  organisms  just  as  well  as  do  dead  shells.  Surely  the  presence  of 
such  should  not  suffice  to  tonstitute  a  "shelly"  bottom.  The  same  may  be  said  regard- 
ing shells  occupied  by  hermit  crabs,  which  abound  throughout  the  entire  region,  giving 
support  to  hydroids,  Bryozoa,  barnacles,  Crepidulee  of  several  species,  and  other 
organisms. 

'Oolyssvttcait  at  thtFUkHaakh^  lor  Biuzuds  Bay  wbt  commoii  to  (he  J='ut  HrmkMat  lor  Vinevud  Souod. 
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We  have  accordingly  adopted  the  foUowiag  classification  ol  bottoms  in  the  ensu- 
ing discussion  of  habitats: 

A.  "Sand,"  including  bottoms  recorded  as  pure  sand,  or  sand  and  shells.  Bot- 
toms containing  stones,  gravel,  or  mud  are  excluded. 

B.  "Gravel  and  stones,"  including  records  which  list  either  of  these  ingredients 
singly  or  in  combination  with  one  another  or  with  sand.  No  bottoms  containing  mud 
are  here  included. 

C.  "Mud,"  including  bottoms  recorded  as  (A  mud,  muddy  sand,  or  sandy  mud. 
Bottoms  are  here  included  in  which  shells  are  listed,  but  not  those  containing  gravel  or 
stones. 

Certmn  combinations  (e.  g.,  gravel  and  mud)  are  excluded  from  this  classification, 
and  records  from  such  stations  are  not  included  tn  the  present  list.  Such  cases  are, 
however,  relatively  very  few. 

VI.  Species  taken  at  one-Jowih  {4j)  or  more  of  the  slahotu  dredged  on  sandy  bottoms. 


Cliona  celata  (49). 
Hydrozoa: 

Hydractinia  echinaU  (46). 
Bryozoa: 

Crisis  ebumea  (74)- 

Btigula  tunita  (107). 

Scbizoporella  unicornis  (63). 

Smittia  trispinosa  nitida  (44). 
Astsboidba: 

Asterias  fhrbesi  {71). 

Asterias  vulgaris  (56). 
Echinoidba: 

Arbacia  puactulata  (48). 

Echinarochnius  penna  (loi). 
Annul  AT  a: 

HannothoE  imbricata  (71). 

Lepldonotus  squamatus  (54). 

Nereis  pelagica  (71). 

Diopatra  cuprea  (71). 

Hydioides  dianttaua  (61). 
Cirkipbdia: 

Balauus  ebumeus  (51). 
Bbcapoda: 

Cra^  septemspinosus  (G 

Pagurus  longicarpus  (ic 

Pagunis  annulipes  (59). 

Libia  ia  emarginata  (63). 


=■). 


Dec  APOD  A — Continued . 

Cancer  irroratus  (9a). 

Ovalipes  ocellatus  (43). 
PblBcypoda; 

Anomia  simplex  (97). 

Pecten  gibbus  borealis  (sa). 

Mytilusedulis{ii3). 

Area  tranaversa  (105). 

Nucula  proxinia  (tia). 

Venericardia  borealis  (49). 

Astarte  undata  (44). 

Astarte  castanea  (59). 

Cras^nella  mactracea  (7a). 

Cardium  pinnulatum  (83). 

Callocardia  morrfauana  (7S). 

Tellina  tenera  (96). 

Ensis  dircctus  (84). 

Spisula  solidiffiima  (109). 

Clidiopbora  gouldiana  (88). 

Corbula  contractn  (46). 
Gastropoda: 

Tritia  trivittata  (143). 

Anachis  a  vara  (95). 

Astyris  lunata  (94). 

Urosalpinx  cinereus  {46). 

Crepldula  fomicata  (114). 

Crepidula  plana  (iii). 

Polyrices  beros  {80). 

PolynicestriseriataCsO- 


Of  the  foregoing  46  species  all  but  a  appear  in  one  or  both  of  the  lists  for  Vine- 
yard Sound.  On  the  other  hand,  8  of  the  species  do  not  appear  in  either  list  for  Buzzards 
Bay,  and  14  do  not  appear  in  the  Fisk  Hawk  Ust  for  Buzzards  Bay.  These  facts  follow 
directly,  of  course,  from  the  well-known  differences  of  these  two  bodies  of  water  in  respect 
to  the  character  of  their  bottoms. 
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VII.  species  taken  at  o 


i-fauTik  (43)  or  mere  of  the  stations  for  which  bottoms  of  gravel  or 
stones  were  recorded. 


Cliotia  c«lata  (91). 
Hydsozoa: 

Eudendrium  rainosum  (43). 

Hydractinia  echinata  (43). 

Tubularia  nocea  (44). 

Thuiaria  aigentea  (47). 
Actinozoa: 

Astrangia  dans  (98). 
Brvozoa: 

Crisia  ebumea  (97). 

JBteA  anguina  (50). 

Bugula  tumta  (gg). 

Schizoporella  unicornis  (96). 

Smittia  triapinosa  nitida  (90). 


Henricia  sanguinolenta  (Si). 

Asterias  forben  (83). 
Echinoidsa: 

Arbacia  punctulata  (So). 
Annulaia: 

Hannothofi  imbricata  (So). 

Mpidonotus  squamatua  (87). 

Nereia  pelagica  (93). 

Diopatra  cuprea  (70). 

Pseudopotamilla  oculifen)  (4a). 

Hydroides  diantbus  (118). 
Cekkipsdia: 

Balanus  ebuineus  (63). 
Akphipoda: 

Undola  inorata  (46). 
Dbcapoda: 

Pagurus  pollicaiis  (47). 

Pagunis  longicarpus  (106). 

Of  the  54  spedes  in  the  foregtnng  list,  only  4  are  lacking  from  one  or  both  lists  for 
Vineyard  Sound,  while  1 1  are  not  to  be  found  in  either  list  for  Buzzards  Bay.  Thirty- 
seven  of  the  species  (69  per  cent)  are  common  to  the  list  for  sandy  bottoms. 

VIII.  Species  taken  at  one-fourth  (2S)  or  more  of  the  stations  dredged  on  muddy  bottoms. 


Dbcapoda— Continued. 

Pagurus  annulipes  (93). 

Libinia  emarginata  (69}. 

Cancer  inoratus  (71). 

Neopanope  texana  sayi  (64). 
PblBCYPODA: 

Anomia  implex  (83). 

Fecten  gibbua  borealis  (51). 

Mytilus  edulis  (74). 

Modiolus  modiolus  (69). 

Area  transversa  (8:). 

Nucula  proxima  (69). 

Crasainella  mactracea  (78). 

Cardium  piunulatum  (55). 

Eii3lRdirectus(86}. 

Cumingia  tellinoides  (59). 

Spisula  soHdissima  (84). 

Clidiopbora  gouldiana  (66). 

Corbula  contracta  (55). 
AuphinSURA: 

Chstopleura  apiculata  {_$$). 
Gastkopoda: 

Tritia  trivittata  (117). 

Anachis  avara  (197). 

Astyris  lunata  (103). 

Uitnalpinx  cinereiu  (79). 

Littorina  litorea  (43). 

Crepidula  foraicata  (113). 

Crepidula  plana  (toj). 

Polynices  heros  (59). 

Polynices  triseriata  (48). 
Tunic  AT  a: 

Amaioucium  pelluctdum  (49). 

Amaroucium  pellucidum  constellatum  (61). 
lutaiium  (70). 


Posifbka: 

C^iona  celata  (31). 
AcnNOzOA: 

Astrangia  dann  (18). 
Brvozoa: 

Crisia  ebumea  (30). 

Bugula  turrita  (49). 

Scbizoporella  unicornis  (35}. 

Smittia  trispinosa  nitida  (19). 


AsTBROtDBA: 

Asterias  forbesi  (48). 
Annulata: 

Harmothot  imbricata  (35). 
Nepbthys  incisa  (43). 
Diopatra  cuprea  (34)- 
Ninoe  nigripes  {35). 
Cistenides  gouldii  (3a). 
Clymenella  torquata  {36). 
Bydioides  dianthua  (ss). 
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Cirripbdia: 

Balaniu  ebumeus  (46). 
Ampbipoda: 

Ptilocheinu  ptnguts  (41). 

Uuciola  irrorata  (ji). 
Dscapoda: 

Crago  septemspinosus  (50). 

Pagurus  kmgicarpus  (83). 

Pagunis  annulipes  (44). 

Libinia  emai^inata  (57). 

Cancer  inoratus  (43). 

Neopanope  texaua  sayi  (43). 
Pklecyikida: 

Anomia  simplex  {74}. 

Pecten  gibbus  borealis  (57). 

Area  transversa  (78). 

Nucula  proxima  (74). 

Yoldia  Hmatula  (66). 

Crossinella  mactracea  (19). 

Cardium  pinnulatuin  (yg). 

LsEvicardium  mortoni  (4$). 


PelEC  YPOD  A — Continued . 

Venus  mercenaria  (5a). 

Callocardia  morrhuana  (80). 

Tellina  tenera  (63). 

Macoma  tenta  (30). 

Ensis  directus  (64). 

Spistila  solidissima  (19). 

Hulinia  lateralis  {60). 

Clidiophora  gouldiana  (So). 
Gastropoda; 

Busy  con  canaliculatum  (43). 

TritiatrivittatB(ici8). 

Anachis  avara  (67). 

Astyris  lunata  (48). 

Eupleura  caudata  (48). 

Urosalpinx  cinereus  {19). 

Littorina  litorea,  shells  only  (48), 

Crepidula  fomicata  (B4). 

Crepidula  plana  (74). 

Polynices  dupHcata  (35). 

Polynices  triseriata  (41). 


Of  the  50  spedes  comprised  in  the  above  list  only  two"  are  absent  frotn  that  repre- 
senting the  prevailing  species  dredged  by  the  Fish  Hawk  in  Buzzards  Bay;  while  only 
7  spedes  in  the  latter  list  are  lacking  from  that  for  the  muddy  bottoms.  The  two  groups 
of  spedes  are  thus  not  far  from  identical.  On  the  other  hand,  13  of  those  in  the  list  for 
muddy  bottoms  do  not  appear  in  either  table  for  Vineyard  Sound.  Thirty-three  of  the 
spedes  (66  per  cent)  are  common  to  the  list  for  sandy  bottoms,  while  34  spedes  (68  per 
cent)  are  common  to  that  for  bottoms  of  gravel  and  stones. 

Comparing  the  lists  for  the  three  types  of  bottom,  we  find  13  spedes  which  appear 
only  in  that  for  bottoms  of  stones  and  gravel,  an  equal  number  whicb  appear  only  in 
the  list  for  muddy  bottoms,  while  6  are  peculiar  to  the  list  for  sandy  bottoms.  Of  the  1 3 
prevalent  mud-dwelling  forms,  all  but  i  are  annelids  or  mollusks.  Of  the  13  spedes 
peculiar  to  the  list  for  gravelly  and  stony  bottoms,  3  are  hydroids  and  3  are  asddians,  the 
remainder  being  distributed  through  various  phyla.  The  number  of  forms  lytuch  are 
restricted  to  our  list  of  prevalent  species  for  bottoms  of  pure  sand  (free  from  mud  on 
the  one  hand,  and  from  stones  and  gravel  on  the  other)  is  a  very  short  one.  This  is  due 
to  the  fact  that  the  great  majority  of  sand-dwelling  spedes  are  not  deterred  by  the  pres- 
ence d  a  certain  proportion  of  stones  and  gravel,  while  many  of  them  are  equally  at 
home  in  sand  which  is  somewhat  muddy.  In  our  classification,  however,  such  bottoms 
have  been  included  under  "gravel  and  stones"  and  "mud,"  respectively.  At  least  two 
of  the  spedes  listed  are,  nevertheless,  pretty  definitely  restricted  to  bottoms  of  pure 
sand.  These  are  the  "lady  crab"  (Ovalipes  ocellatus)  and  the  "sand dollar"  {Echitia- 
rachnius  parma). 

In  any  consideration  of  such  tables  as  the  foregoing,  it  must  be  borne  in  mind  that 
the  fact  of  a  spedes  being  restricted  to  one  or  another  of  the  tables  does  not  imply  that 
it  is  absent  from  the  other  types  of  bottom,  or  subdivisions  of  the  region.     Indeed,  it 
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sometimes  happens  that  the  spedes  is  recorded  from  an  absolutely  greater  number  of 
stations  of  another  group  than  that  for  which  it  is  here  listed.  Again,  the  caution  must 
be  repeated  (cf .  p.  3 1 ,  33)  that  in  the  field  a  specimen  was  frequently  recorded  from  a  cer- 
tain type  of  bottom  when  it  seems  probable  that  the  dredge,  at  the  moment  of  taking  it, 
was  pasdng  over  a  quite  different  type  of  bottom.  In  many  parts  of  our  local  sea  floor 
several  distinct  varieties  of  bottom  may  be  encountered  within  a  quite  limited  area. 

Nevertheless,  we  believe  that  real  and  important  facts  of  ecology  are  revealed  by 
such  tabulations  as  the  foregoing,  even  though  these  may  not  in  themselves  present  a 
complete  picture.  For  concrete  illustrations  of  the  assemblage  of  organisms  which  may 
actually  occur  together  on  a  given  bottom,  or  at  least  within  the  area  traversed  during  a 
single  dredge  haul,  the  reader  is  referred  to  the  tables  on  pages  58  to  62. 

Thus  far  the  lists  of  "prevailing"  species  for  one  or  another  group  of  stations  have 
had  no  reference  to  the  temperature  factor.  It  has  been  thought  desirable,  however,  to 
present  a  list  of  those  species  which  have  been  taken  at  one-fourth  or  more  of  the  stations 
within  the  cold-water  area  of  the  region,  i.  e.,  the  area  throughout  which  the  water  tem- 
perature in  summer  has  tieen  found  to  be  considerably  lower  than  elsewhere.  For  this 
purpose  the  Fish  Hawk  stations  {and  these  only)  were  chosen,  lying,  in  Vineyard  Sound, 
beyond  (southwest  of)  a  line  drawn  from  Robinsons  Hole  to  Kopeecon  Point,  and  in 
Buzzards  Bay  below  a  hne  drawn  from  fiameys  Joy  Point  to  Penikese  Island.  One 
hundred  and  one  stations  were  included  in  this  area. 


IX.  Species  taken  at  one-fourth  (^5)  or  more  of  the  stations  i 
the  open  ocean. 


the  colder  waters  adjacent  to 


(46). 

(30). 


Hvdrozoa; 

HydfEuitinia  echinata  (34). 

Olitlia  gtniculata  (37). 

HaUcium  haUcinutn  (37). 
Bryozoa: 

Crisia  et>umea  (43). 

iGtea  anguiua  (15). 

Bugula  tunita  (70). 

Scbizoporelli 

Cellepora 
Astsroidea: 

Asterias  foibed  (51). 

Asterias  vulsaris  (5S). 
Echinoidba: 

Arbacia  punctulata  (35). 

Ecbinarachnlus  paniia  (70). 
Annul  AT  a: 

Harmotlio*  imbricata  (39). 

Nereis  pelagica  (35). 

Diopatra  cuprea  (43). 
CisbifEdia: 

Balanuaeburaeus(37). 
Ahphipoda: 

Unciola  iirorata  (17). 

£gitulla  longieorail  (35). 


Isopoda: 

Idothea  phosphoreH  (36). 
Decapoda; 

Cra^  septemspinosua  (49). 

Pagurus  anadianui  (39). 

Pagurus  longi carpus  (59). 

Libinia  emarginata  (37). 

Cancer  irroratiis  (75). 

Ovalipa  ocellalui  (41). 
Pblbcypoda: 

Atiomia  dmplex  (54). 

Ptcltn  piagtilanietu    (36). 

Mylilu3edulis(83). 

Modiolus  modiolus  (15). 

Aica  Uansversa  (6a). 

Nucula  proxima  (30). 

Venericardia  borealis  (63). 

Aslarle  undala  (51). 

Astarte  castanea  (44). 

CrassineUa  mactracea  (41). 

Cardiuni  pinnulatum  (55). 

Callocardia  motrhuaua  (63). 

Tellina  tenera  (55). 

Etisis  directus  (30). 

Spisula  solidissima  (73). 
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PblBctpoda — Continued.  Gastkopoda — Continued. 

Qidiophofa  gouldiuu  (58).  Polynices  hens  (60). 

Corbula  contfacta  (33).  Polynices  triseriata  (3$). 

Gastkopoda:  Cephalopoda: 

Tritia  trivttuta  (88).  Loligo  pealii  (37). 

Anacbis  avara  (40).  PiscBa : 

Astyria  lunata  (48).  Raja  trinacta  (31). 

Crepidula  fomicata  (65).  Lophoputia  tnaattabt  (31). 

Crepidula  plana  (62). 

In  the  foregoing  table  it  will  be  noted  that  only  nine  spedes  (those  italidzed)  have 
not  already  appeared  in  one  or  more  of  the  lists  for  Vineyard  Sound  or  Buzzards  Bay. 
And  not  all  these  nine  are  spedes  whose  distribution  has  been  determined  by  temperature; 
for  example,  Chalipes,  Raja,  and  Lophopsella  (see  below).  Such  a  list  is  thus  ill  adapted 
to  displaying  the  peculiarities  of  the  faima  occupying  the  colder  waters  of  the  re|^on. 
But  an  examination  of  the  distribution  charts  reveals  the  presence  of  a  considerable 
number  of  spedes  which  are  chiefly  or  wholly  restricted  to  the  colder  waters  under  con- 
^deration.  A  list  of  these  has  been  given  below,  along  with  the  recorded  range  of  each 
upon  the  North  American  coast.  It  will  be  seen  that  in  15  out  of  20  cases  the  range  of 
thfse  spedes  is  predominantly  northward,"  some  of  them,  indeed,  being  near  thdr 
southern  limit  of  distribution.  The  presence  of  three  of  the  others  (Ovalipes  ocellatus, 
Molgvla  arenata,  and  Lophopsella  maoulala)  is  suffldently  explained  by  the  nature  of  the 
bottom  at  the  western  end  of  the  Sound,  ^ce  these  are  characteristic  sand-dwelling 
spedes.* 

X.  Species  restricted  to,  or  at  least  occurring  predominantly  in,  the  colder  waters  of  Vineyard 

Sound  and  Buzzards  Bay.     (Limited  to  species  occurring  at  10  or  more  stations.) 
Ccblsntbrata: 

Eudendrium  dispar. — Vineyard  Sound  to  Bay  of  Fundy.     (N,) 

Alcyonium  canieum. — Rhode  Island  to  Gulf  of  St.  Lawrence.     (N.) 
EcmNODBRUATA: 

Asterias  vulgaris. — Labrador  to  Cape  Hatteras,  but  not  littoral  south  of  Woods  Hole.    (N.) 

StTongylocentrotus  droebachiensis. — Circumpolar,  south  to  New  Jersey.    (N.) 
Critstacba: 

Calliopius  l«viusculus. — Narragansett  Bay  to  Greenland.     (N.) 

Pontogenia  inermis. — Vineyard  Sound  to  Arctic  Ocean.    (N.) 

Pagurus  acadianus. — Grand  Bank  to  mouth  of  Chesapeake  Bay.    (N.) 

Ovalipes  ocellatus. — Cape  Cod  to  Gulf  of  Mexico.    (S.) 
Mollusc  a: 

Pectcn  magellanicus. — Labrador  to  Cape  Hatteras.     (N.) 

Modiolaria  nigra. — Arctic  aeaa  to  Cape  Hatteras.     (N.) 

Crenella  glandula. — Arctic  seas  to  Cape  Hatteras.    (N.) 

Venericatdia  boreelis. — Arctic  seas  to  off  Cape  Hatteras.    (N.) 

Aatarte  undaU.— Gulf  of  St.  Lawrence  to  Cape  Hatteras.     (N.  and  S.) 

Cyclas  ialandica. — Arctic  Ocean  to  Cape  Hatteras  [in  deep  water],     (N.) 

Thracia  conradi. — Labrador  to  Cape  Hatteras.     (N.) 

Buccinum  undatum. — Arctic  seas  to  Charleston  Harbor.     (N.) 

Crucibulum  striahun.— Nova  Scotia  to  Florida  Keys.     (S.) 
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Tunicata: 

Molgula  annata. — New  Haven  to  Nantucket.     (?) 

Eugyra  glutiaans.    (N.) 
PiSCBS: 

Lopliopsetta  inaculata.— Casco  Bay  to  South  Carolina.     (S.) 

Passing  reference  should  likewise  be  made  to  certain  species  which  were  taken  at 
less  than  10  stations,  and  which,  therefore,  are  not  included  among  those  charted. 
Some  of  these  species  are  Polymastia  robusta  (a  sponge),  Tealia  crassicomis  (an  anemone), 
Ophiopholis  aculeaia  (an  ophiuroid),  Thyone  unisemita  (a  holothurian),  Pandalus  lep- 
iocerus  (a  shrimp),  and  Hyas  coarctatus  (a  crab).  Each  of  these  has  been  recorded 
more  thaji  once  at  the  open  ends  of  the  Bay  and  the  Sound,  but  never,  so  far  as  we  know, 
in  the  more  inclosed  waters. 

For  the  sake  of  comparison  with  the  foregoing,  a  list  is  presented  herewith  com- 
prising those  species  which  were  taken  at  two  or  more  of  the  seven  regular  Survey  stations 
at  Crab  Ledge,  oft  Chatham.  Here,  as  stated  above  (p.  51),  the  bottom  temperature  of 
the  water  in  summer  is  considerably  lower  than  at  the  western  end  of  Vineyard  Sound, 
and  many  degrees  lower  than  in  the  greater  part  of  the  area  dredged  by  us. 

XI. — Species  dredged  at  z  or  more  of  the  7  Survey  stations  at  Cr<^  Ledge. 


Foraxinifbra: 

Oiscorbina  rosacea  (3). 
Fokifbra: 

Palymastia  robusta  (5). 

Halicbondria  panicea  (5). 

Desmacidon  palmata  (6). 
Hvdrozoa: 

Eudendrium  ramosum  (a). 

Hydractinia  echinata  (7). 

Tubularia  tenella  (3). 

Tubularia  crocea  (6). 

Seitularella  tricuapidata  (3). 
Actinozoa: 

Metridium  dianthus  ($). 

Alcyonium  canieum  (3). 
Brvozoa: 

(Not  listed  for  these  stations  individually.) 
Astbroidba; 

Henricia  sanguinolenta  (%). 

Asterias  austera  (6) . 

Asterias  vulgaris  (7). 
Ophiuroidsa: 

Ophioptiolis  acuIcAtA  (6). 
Echjkoidsa: 

Strongylocentrotutfdroebacbiensis  (7). 
Ann  m,  AT  a: 

Harmothoe  imbricata  (3). 

Nereis  pelagica  (5). 

Notbria  concbylegia  (a). 

Thelepus  cincitmatus  (6). 

Pseudopotamilla  oculifera  (4). 

QiKtinopoma  greenlandica  (a). 

Filograna  implexa  (5). 


Auphipoda: 

Ericthonius  rubricornis  (a). 
Dbcapoda: 

Pagurus  acadianus  (6). 

Pagurus  kroyeri  (4). 

Hyas  coarctatus  (5). 

Cancer  itTDTatus  (3). 
PSLScypoDA: 

Anomia  simplex  (a). 

Anoraia  aculeata  (4). 

Pecten  magetlanicus  (4). 

Mytilusedulia(»). 

Modiolus  modiolus  (6). 

Modiolaria  levigata  (5). 

Venericardia  borealis  (3). 

Astarteundata(3). 

Cyclas  islandica  (a). 

Spisula  solidiSHma  (4). 

Thracia  septentrional  is  (a). 

Saxicava  arctlca  (4). 

Cyrtodaria  siliqua  (3). 
Gastbopoda: 

Coryphella  solmcmacea  (3). 

Buccinum  undatum  (6). 

Chrysodomus  decemcostatus  (a). 

Tritonofusus  stimpsoni  {3). 

Boteoscala  greenlandica  (5). 

Polynices  triseriata  (1). 

Velutina  zonata  (1). 
Tonicata: 

Halocynthia  ecbinata  (a). 

Amaroucium  atellatum  (3). 

Didemnum  lutarium  (6). 
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Among  the  foregoing  species,  the  following  have  been  already  mentioned  as 
restricted,  in  Vineyard  Sound  and  Buzzards  Bay,  chiefly  or  wholly  to  the  colder  waters 
adjoining  the  open  ocean:  Polymastia  robusta,  Alcyonium  carneum,  Aslerias  vulgaris, 
Opkiopkolis  aculeata,  Strongylocetilrotus  droebachienns ,  Pagurus  acadiantis,  Hyas  coarc- 
tatiis,  Pecten  tnageUanicits,  Venericardia  borealis,  Astatte  undata,  Cyclas  islandica,  Buc- 
cinum  undatum.  In  reality  the  number  of  tbose  species  which  are  common  to  Crab 
Ledge  and  the  colder  parts  of  Vineyard  Sound  and  Buzzards  Bay,  but  which  are  not 
encountered  elsewhere  in  local  waters,  is  considerably  greater  than  this  brief  list  would 
imply. 

A  contrary  condition  is  found  in  the  case  of  certain  spedes  which  are  of  general 
distribution  throughout  Vineyard  Sound,  and  in  many  cases  throughout  Buzzards  Bay 
as  well,  but  which  are  nearly  or  quite  absent  from  just  those  waters  to  which  the  fore- 
going spedes  seem  best  adapted.  The  following  is  a  partial  list  of  such,  based  upon  an 
examination  of  the  distribution  charts. 

XII.  Spedes  which  appear  to  be  scarce  or  lacking  in  the  colder  waters  oj  Vineyard  Sound 
and  Buzzards  Bay.  (Limited  to  species  which  occur  at  lo  or  more  stations  of  the 
Survey.) 

Coblentbrata: 

Astrangia  dause. — Florida  to  Cape  Cod.    (S.) 

Tbuiaria  argentea. — North  Polar  regions  to  Maryland.    (N.) 

ECHINODERM  AT  A  : 

Arbacia  punctulata. — Nantucket  Shoals  to  Yucatan.     (S.) 
Annuiata: 

Lumbrineris  hebes. — Casco  Bay  to  New  Jersey,    (N.  and  S.) 

Hydroides  diauthus. — Massachusetts  Bay  to  Charleston,  South  Carolina.    (S.) 
Crust  ACS  a; 

Bates  secunda.. — Local.     (?) 

Pagurus  annulipes. — Nantucket  Sound  to  Florida.     (S.) 

Pelia  mutica.— Vineyard  Sound  to  Florida.     (S.) 

Neopanope  tcxana  sayi. — Cape  Cod  to  Florida.     (S.) 
Pvcnooonida; 

Anoplodactylus lentus.'— Long  Island  Sound,  Vineyard  Sound,  Eaatport,  i  record.     (?) 

Tanystylum  orbiculare. — Marthas  Vineyard  to  Virginia.    (S.) 
Mou.usca: 

Vermicularia  spirata, — New  England  to  West  Indies.     (S). 

ChKtopleura  apiculata. — Cape  Cod  to  West  Indies.    (S). 
Tunic  AT  a: 

Perophora  viridta.— Woods  Hole  to  Beaufort,  N.  C,  and  Bermuda.     (S.) 

Styela  panita.— Massachusetts  Bay  to  North  Carolina.     (S.) 

Amaroucium  stellatum. — Cape  Cod  to  North  Carolina.?    (S.) 

Amarouciuin  pellucidum. — Vineyard  Sound  to  North  Carolina.    (S.) 

It  will  be  noted  that  only  one  of  these  species  has  a  predominantly  northern  range 
upon  our  coast.  It  is  also  to  be  pointed  out  that,  with  a  single  exception  (Amaroucium 
stellatum),  none  of  these  spedes  have  been  recorded  by  us  from  Crab  Ledge."  We 
do  not  wish  to  lay  undue  emphasis  upon  such  correspondences,  however.  It  is  likely 
that  some  of  these  spedes  actually  occur  at  Crab  Ledge,  in  spite  of  our  failure  to  find 
them.     It  is  likewise  probable  for  some  of  them,  at  least,  that  their  distribution  in 

dl.  «.,  dot  ffuff.    We  do  not  hen  refer  to  the  above  table  ol  tpecia  taken  two  or  more  tlnrn. 
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Vineyard  Sound  is  not  detennined  by  temperature,  but  by  the  character  of  the  bottom. 
Nevertheless,  after  making  these  allowances,  the  significance  of  the  facts  discussed  upon 
the  last  few  pages  can  scarcely  be  doubted. 

4.  THE  AVERAGE  YIELD  OF  THE  DREDGE  HAULS. 
Another  method  of  portraying  synoptically  the  general  facies  of  our  local  fauna,  as 
revealed  by  the  dredge,  is  to  present  the  averse  composition  of  the  dredge  hauls.  This 
we  have  computed  for  the  Survey  as  a  whole,  and  for  the  separate  groups  of  stations 
which  have  been  distinguished  above;  for  the  animal  kingdom  as  a  whole,  and  for  its 
main  subdivisions.  In  the  following  tables  certain  groups  which  were  represented  very 
spaiingly  in  our  dredgings,  or  which  were  not  looked  for  systematically,  and  certmn 
others  which  do  not  properly  belong  to'  the  benthos  have  t>een  omitted. 

I.  Average  number  of  genera  and  species  of  awimats  taken  per  dredge  haul. 

Gtncn.  Specie*. 

Survey  bs  a  whole  {458  stations) 34. 3  37.0 

Fish  Hawk,  Vineyard  Sound  (iiS  stations) 33.  7  36.  5 

Fish  Hawk,  Buzzards  Bay  (66  stations) 36. 3  38.  7 

Fish  Hawk,  Crab  Ledge  (7  stations). 37.  o  39.  7 

Pbalarope  and  Blue  Wing,  Vineyard  Sound  {77  stations) 31.  i  3^1 

Phalarope,  Buzzards  Bay  (90  stations) 36.  o  38.  5 

While  there  is  a  rather  surpridng  uniformity  amongst  these  figures,  it  will  be  noted 
that  the  average  number  of  species  is  slightly  greater  for  the  Fish  Hawk  than  for  the 
Phalarope  stations;  likewise  that  it  is  greater  for  Buzzards  Bay  than  for  Vineyard  Sound, 
and  greatest  of  all  for  Crab  Ledge.  It  is  of  interest,  Ukewise,  that  the  average  number 
of  genera  per  dredge  haul  is  nearly  equal  to  that  of  the  species.  This  point  will  be 
discussed  later. 

II.  Average  number  of  genera  and  species  for  the  458  regular  stations  of  the  Survey,  showing 
representation  of  each  group  of  animals. 


Croup. 

Gene.. 

Sped** 

Gmip. 

G«IWT», 

Sperfe.. 

•■l 

■OS 

anipedU 

Bchiiioidea  

" 

i„„..i,.. 

'^'": ::::.:..::' ::::::::::. 

SlpunculicU    

,., 

In  the  foregoing  table,  it  is  nearly  certain  that  the  figures  for  certain  groups, 
especially,  perhaps,  for  the  Porifera,  do  not  fairly  represent  the  number  of  these  forms. 
For  this  reason,  indeed,  the  Foraminilera  have  been  omitted  altogether.  As  stated  in 
another  section  (p.  91),  the  Foraminilera  wert;  looked  for  s>'stematically  during  one 
season  only,  while  the  Poiifera  at  no  time  received  adequate  attention. 
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III.  Average  number  of  species  per  dredge  haul  for  Ike  two  vessels  and  the  two  bodies  of 
■water  considered  separately. 
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PhiiliriiiK    Md    BhK 

Cconp. 

VincyHd 

Biuiardi 
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OrriDedk 

:; 

' 

DctmDodi         * 
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.4 

Amobinnin 

4-7 

TnniaiU 

':i 

* 

• 

o  Tht  Cnb  Lcdic  Bryozw  bsvc  not  bm  Ustrd  by  sUtkoi. 

Id  a  sitnilar  way  we  have  represented  the  wealth  in  spedes  of  each  of  the  types  of 
bottom  which  have  been  distinguished  (see  p.  70). 

IV.  Average  number  0}  genera  and  species  per  dredge  haul  for  the  three  types  oj  bottom. 

Gcoer*.  Speciei. 

Sand  (170) 33,  6  36,  ; 

Gravel  and  stones  {167) 3S-  3  38.  o 

Mud  (:  la) 34. 8  37.  a 

While  there  is  here,  likewise,  a  rather  surprising  uniformity  among  the  iigures,  it  is 
to  be  noted  that  the  number  of  species  is  greatest  for  the  stony  bottoms  and  least  for  the 
sandy  ones. 


.Google 


BIOLOGICAL  SURVEY  OP  WOODS  HOLB  AND  VICINITY.  79 

V.  Average  number  of  species  per  dredge  haul,  showing  Ike  representation  of  the  various 
groups  of  animals  on  each  type  of  bottom. 


Group. 

^. 

GtotCI 
■nd 
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To  what  degree  such  figures  as  the  foregoing,  giving  the  average  number  of  spedes 
per  dredge  haul,  represent  the  actual  wealth  in  species  of  the  various  subdividons  of  our 
local  sea  bottom  can  not  be  stated  with  certainty.  Whether,  for  example,  the  greater 
number  of  species  per  dredge  haul  found  in  Buzzards  Bay  denotes  an  actually  greater 
Dumber  of  species  per  unit  area  of  sea  floor,  is  not  self-evident.  It  is  plain  that  the 
dredge  must  cut  more  deeply  into  a  bottom  of  soft  mud  than  into  one  of  hard  sand  or 
gravel,  and  that  therefore  a  larger  proportion  of  burrowing  organisms  will  be  obtained 
in  the  former.  It  seems  quite  possible,  therefore,  that  the  excess  in  favor  trf  Buzzards 
Bay  has  been  exaggerated,  or  that  it  does  not  exist  at  all. 

Now,  an  inspection  of  table  vi,  showing  the  total  number  of  species  taken  at  each 
of  the  five  groups  of  stations,  r^eals  the  fact  that  the  number  of  species  taken  by 
the  Fish  Hawk  in  Vineyard  Sound  is  about  25  per  cent  greater  than  that  taken  in 
Buzzards  Bay.  But  it  must  likewise  be  home  in  mind  that  the  number  of  Fish  Hawk 
stations  in  Vineyard  Sound  was  over  three  times  as  great  as  that  in  Buzzards  Bay, 
thus  rendering  probable  the  capture  of  a  larger  number  of  the  less  common  species.  In 
fact,  it  will  be  noticed  that  the  figures  expressing  the  total  number  of  species  for  each 
of  these  groups  of  stations  may  be  arranged  in  the  same  order  as  those  expresdng  the 
number  of  stations  in  each  group,"  We  nevertheless  think  it  likely,  in  view  of  all  our 
data,  that  the  actual  number  of  spedes  inhabiting  Vineyard  Sound  is  greater  than  that 
inhabiting  Buzzards  Bay.     This  is  probably  due  to  the  fact  that  the  bottom  of  the  former 
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presents  a  greater  diveraty  of  conditions  tfaan  that  of  the  latter,  rendering  it  a  fit  batn- 
tation  for  a  greater  variety  of  life.  Such  a  view  is  in  no  way  inconsistent  with  the 
supposition  that  the  number  of  species  Per  unit  area  is  as  great,  or  even  greater,  in 
fiuzzards  Bay.     This  matter  will  be  referred  to  later. 


VI.  Numb  BR  oi* 
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5.  EXPLANATION  OF  THE  FAUNAL  CATAUXUE. 

Part  III  of  the  present  work  <x>nsists  of  a  catalogue  or  annotated  list  of  the  fauna 
of  the  Woods  Hole  region.  The  extent  of  territory  comprised  within  the  limits  of  the 
"Woods  Hole  Region,"  as  here  conceived,  has  already  been  indicated  in  chapter  i,  erf 
the  present  volume,  where  we  have  likewise  discussed  the  sources  of  information  upon 
which  the  present  catalogue  is  based. 

It  is  true  that  an  insignificant  proportion,  numerically  considered,  of  those  who  fre- 
quent the  laboratories  at  Woods  Hole  at  the  present  time  are  interested  primarily  in 
systematic  zoology  or  botany.     But  every  working  biologist,  whatever  his  specialty, 
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deals  with  one  or  more  species  of  animals  or  plants,  which  constitute,  or  at  least  fur- 
nish him  with,  the  raw  materials  for  his  research.  Thus,  it  is  of  advantage  to  all  that 
a  carefully  prepared  list  of  these  organisms  should  be  published,  if  regarded  mwely  as  a 
catalogue  of  available  material.  And  it  will,  we  trust,  be  of  additional  advantage  to 
have  at  hand  a  single  reference  work  which  shall  embody  the  nomenclature  most  recently 
adopted  for  these  species  by  some  of  our  most  competent  systematic  experts.  Confu- 
sion will,  we  think,  be  minimized  by  the  existence  of  some  standard,  even  though  this 
standard  may  be  a  fallible  one. 

In  the  present  catalogue  we  are  offering,  however,  far  more  than  a  mere  list  of 
species.  We  have  gathered  together  all  available  data  regarding  distribution  within 
local  waters,  seasonal  occurrence,  reproduction,  etc.,  and  have  added  various  ecological 
notes,  where  these  have  seemed  appropriate.  It  is  our  hope  that  these  data  may  be  of 
service  to  those  who  are  in  search  of  material  for  embryological  or  other  studies.  And 
we  further  hope  that  the  decidedly  meager  notes  which  we  offer  may  constitute  a  nucleus 
for  future  growth  in  this  direction. 

It  must  be  emphasized  that  we  do  not  in  any  sense  guarantee  the  trustworthiness 
of  all  the  records  herein  contained.  A  large  proportion  of  them  have  been  included 
wholly  upon  the  authority  of  others,  whose  names  are  mentioned  in  the  text.  Many 
species  are  included,  indeed,  which  have  never  been  seen  either  by  the  present  writers 
or  by  the  specialists  who  have  collaborated  with  us.  While  such  citations  are,  in  most 
cases,  based  upon  the  statements  of  recognized  authorities,  it  is  more  than  possible 
that  in  some  cases  they  rest  upon  errors  of  observation  or  of  identification.  But  it 
would  have  been  a  very  difficult  task  to  cull  out  such  mistakes,  and  we  have  therefore 
included  all  records  based  upon  the  statements  of  persons  believed  to  be  trustworthy, 
unless  we  happen  to  have  definite  evidence  that  these  statements  were  erroneous.  The 
mere  f^lure  of  subsequent  observers  to  find  a  species  which  had  been  included  in  one 
of  the  earlier  lists  is  not  to  be  regarded  as  decisive  evidence  of  an  error,  in  view  of  the 
known  instances  of  change  in  the  population  of  our  local  waters. 

Due  credit  has  been  given  in  a  large  proportion  of  cases  to  the  authority  for  each 
statement  made,  the  name  of  this  person  being  inserted  at  the  close  of  the  citation. 
The  person  dted  is  responsible  only  for  so  much  of  the  statement  as  immediately 
precedes  his  name.  Independent  citations  are  in  nearly  all  cases  separated  by 
periods.  In  many  instances  the  statement  cited  has  never  been  published  by  the 
individual  referred  to,  but  has  been  communicated  to  one  of  the  present  authors  orally 
or  recorded  in  manuscript.  Where  no  authority  has  been  indicated  for  a  given  state- 
ment we  mean  either  (i)  that  the  present  authors  are  themselves  responsible  for  the 
observation,  or  (2)  that  the  fact  stated  is  a  matter  of  common  knowledge  to  a  large 
number  of  observers,  or  (3),  in  certain  self-evident  cases,  that  the  bibliographic  reference 
indicates  the  authority  for  the  statement. 

With  most  groups  of  animals,  as  already  stated,  a  certain  proportion  of  the  specimens 
collected  were  referred  to  specialists  for  identification.  Since  the  value  of  a  record 
depends,  in  great  measure,  upon  the  trustworthiness  of  the  identification,  we  have 
indicated  in  a  large  number  of  cases,  the  authority  for  the  latter.  The  symbols  (*  and 
the  like)  denote  that  specimens  from  the  localities  so  designated  have  been  identified 
by  persons  mentioned  in  a  foot  note  at  the  commencement  of  the  list.  In  the  case 
of  those  organisms  spedmens  of  which  were  invariably  referred  to  specialists,  symbols 
16569"— Bull.  31.  pt  1—13 6 
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have  been  omitted  in  connection  with  the  records,  the  general  acknowledgments  in 
chapter  iv  being  regarded  as  sufficient.  In  other  cases,  failure  to  mention  the  authority 
for  a  determination  implies  that  the  s[>ecimen  was  identified  by  one  of  the  present  authors. 
This  is  true  of  the  great  majority  of  readily  recognizable  species  belonging  to  various 
phyla. 

It  must  be  borne  in  mind  that  the  number  of  specimens  recorded  for  a  given 
station  represents,  in  many  cases,  the  number  saved  and  listed,  rather  than  the  number 
actually  brought  in  by  the  dredge.  For  many  animals,  especially  minute  ones,  the 
former  figure  may  give  no  adequate  idea  of  the  relative  abundance  of  the  species  in  a 
given  dredge  haul. 

The  bibliographic  references  under  each  species  will  be  found  to  be  very  Umited 
in  number,  and  to  include,  with  a  few  exceptions,  only  those  works  which  mention  the 
occurrence  of  this  species  within  the  limits  of  the  region  here  under  consideration.  One 
work  has  been  regularly  included,  however,  even  in  cases  where  no  mention  was 
made  of  Woods  Hole  or  vicinity  by  the  authors.  This  is  the  "Report  upon  the 
Invertebrate  Animals  of  Vineyard  Sound"  by  Verrill  and  Smith  (1873),  Likewise,  in 
the  list  of  moUusks,  we  have  regularly  included  page  references  to  Binney's  edition  of 
Gould's  "Report  on  the  Invertebrata  of  Massachusetts,"  and  for  the  fishes  references 
to  Jordan  and  Everaiann's  "Fishes  of  North  and  Middle  America."  It  has  not  been 
thought  worth  while  to  cite  the  first  description  of  each  species  nor  even  to  refer 
to  any  description  or  figure.  To  have  included  these  would  doubtless  have  added 
considerably  to  the  usefulness  of  this  report,  but  we  need  only  remind  the  reader  that 
the  search  for  such  few  bibliographic  citations  as  are  here  offered  required  many  months 
of  thoroughly  uninspiring  labor.  In  many  cases  reference  to  original  descripdons  and 
figures  may  be  found  in  one  or  another  of  the  works  here  dted.  Bibliographic  lists, 
limited  almost  wholly  to  the  works  referred  to  in  connection  with  the  separate  species, 
have  been  appended  to  the  zoological  and  botanical  sections  of  the  catalogue. 

In  order  to  fadhtate  the  finding  of  a  species  which  has  been  listed  by  a  name  unfa- 
miliar to  the  reader,  a  certain  number  of  synonyms  have  been  included  in  connection 
with  the  bibliographic  references.  Only  those  names  are  included,  however,  by  which 
the  species  in  question  has  been  designated  in  the  various  works  relating  to  ou^  local 
fauna.  The  synonyms  here  listed  are  all  included  in  the  systematic  index.  This  will 
probably  render  possible  the  finding  of  a  desired  species  in  a  large  proportion  of  cases. 

As  respects  classification  and  nomenclature,  we  have  found  it  expedient,  and 
indeed  unavoidable,  to  follow  within  each  group  some  one  authority,  this  authority 
being,  in  most  cases,  the  same  person  who  has  been  responsible  for  the  identification 
of  our  spedes.  Only  thus  has  it  been  possible  to  avoid  a  quite  interminable  examina- 
tion of  the  literature  on  our  part.  This  precedure  has  frequently  led  to  our  being 
obliged  to  substitute  quite  unfamiliar  names  for  ones  long  current  among  American 
biologists,  and  to  our  listing  under  separate  genera  spedes  which,  to  everyone  but  the 
taxonomist,  are  scarcely  distinguishable  from  one  another  as  spedes.  No  one  could 
deplore  more  than  we  do  the  necesaty  for  such  changes,  and  this  regret  is  the  keener 
because  of  the  confidence  we  feel  that  many  of  these  names  are  not  the  ones  that  will 
ultimately  stand. 

Several  years'  experience  in  the  preparation  of  our  faunal  catalogue  has  brought 
home  to  us  in  a  fordble  way  some  of  the  most  exasperating  of  the  evils  relating  to 
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zoological  nomenclature.  Indeed,  it  is  upon  the  authors  of  works  like  this,  who  make 
extensive  use  of  taxonomic  names,  while  having  very  little  share  in  their  creation  or 
transmutation,  that  these  evils  perhaps  fall  most  heavily. 

On  the  other  hand,  we  realize  that  there  are  many  sides  to  this  perplexing  question, 
and  that  many  of  the  generic  and  specific  names  in  current  use  ?mong  Woods  Hole 
biologists  are  entirely  unjustified,  as  judged  by  any  standard  except  local  usage.  Those 
who  revolt  because  the  long-cherished  name  of  a  favorite  species  has  been  replaced  by  a 
totally  unfamiliar  one,  must  be  reminded  that  this  is  not  always  due  to  the  caprice  of 
some  perverse  "species  monger."  Nor  are  these  changes  in  all  cases  due  to  the  dis- 
covery that  some  long-forgotten  name  has  "priority."  There  are  several  other  (legiti- 
mate) reasons  for  changing  the  name  of  a  species,  of  which  mention  may  be  made  of 
two.  (i)  Careful  comparison  may  reveal  the  fact  that  two  supposedly  distinct  species 
dwelling  in  different  parts  of  the  world  are,  in  reaUty,  identical.  One  or  the  other  name 
must  be  given  up.  Thus,  we  have  over  and  over  again  been  obliged  to  abandon  names 
given  by  earlier  American  zoologists  to  species  found  upon  the  shores  Qf  the  New  World. 
We  need  only  mention  the  "Spongia  sulphurea"  of  Desor  {=C/Mmace/ato  Grant),  the 
"Hydractinia  polyclina"  of  Agassiz  (now  believed  to  be  identical  with  H.  echinala 
Fleming),  or  the  "Ascidia  lenella"  of  Stimpson  (=Ciona  intestinalis  (Linnseus)).  In 
such  cases,  the  changes  may  at  first  jar  upon  our  nerves,  but  they  must  be  accepted. 
(2)  More  complete  knowledge  of  a  species  may  show  that  its  systematic  position  has 
at  first  been  misunderstood.  Here,  as  in  the  first  case,  we  are  not  dealing  with  rules  of 
nomenclature,  but  with  facts.  If  the  facts  demand  it,  the  species  must  be  assigned  to 
another  genus.  The  most  severe  critics  of  our  systematic  brethren  would  hardly  doubt 
the  wisdom  of  removing  the  toadfish  from  the  genus  Gadus,  to  which  it  had  been  assigned 
by  Liiuueus;  nor  the  expediency  of  so  restricting  the  genus  Nautilus  as  to  exclude  the 
spiral  Foraminiferal 

Many  cases  are  sure  to  arise,  however,  when  the  mere  user  of  zoological  names — and 
to  this  class  belong  the  great  majority  of  present  day  zoologists — may  well  query  whether 
the  more  refined  grouping  of  species  could  not  better  be  carried  out  within  the  limits 
of  the  genus  itself.  The  latter  procedure  has  the  advantage  of  leaving  the  generic 
name  (and  therefore  the  full  name  of  the  species)  unaltered.  It  is  not  so  much  for  the 
changing  of  their  conceptions  of  relationship  that  systematic  zoolo^ts  are  criticised  so 
sharply  as  for  their  persistent  changing  of  the  names  which  we  are  all  obliged  to  use 
and  which  we  must  leam  anew  as  often  as  substitutes  are  offered  by  accredited 
authorities.  This  criticism  derives  particular  force  from  the  fact  that  there  is  no  general 
agreement  as  to  how  inclusive  a  division  the  genus  shall  be.  It  is  safe  to  say  that  at  the 
present  time  the  "genera"  of  some  groups  of  the  animal  kingdom  are  as  inclusive  as  the 
"families"  of  certain  others,  while  the  "genera"  of  these  latter  may  correspond  more 
nearly  to  the  "subgenera"  of  the  first. 

It  will  be  understood  without  further  explanation  why  we  have  not  adopted  the 
practice,  current  among  certain  systematists,  of  including  the  subgeneric  name,  in 
parenthesis,  as  an  integral  part  of  the  name  of  a  species.  The  subgenus  is  of  interest 
only  to  the  systematist,  who  may  readily  find  it  by  reference  to  the  appropriate  sys- 
tematic treatise.  The  name  of  the  species  is  complete  without  it,  and  the  biologist  at 
large  should  not  be  burdened  by  having  to  leam  trinomials  of  this  sort. 


.Google 


84  BULLETIN  OP  THE  BURBAU  OP  FISHBRIBS. 

6.  SYNOPSIS  OF  THE  FAUNAL  CATALOGUE. 

A  table  has  been  prepared  showing  the  total  number  of  families,  genera,  and  species 
comprised  in  our  annotated  list,  grouped  according  to  the  larger  divisions  of  the  animal 
kingdom ;  likewise  the  number  which  have  been  recorded  during  our  dredging  operations 
and  the  number  of  those  encountered  which  had  not  previously  been  listed  for  local 
waters.  In  this  table  spedes  have  been  entered  as  doubtful,  either  because  the  determi- 
nation aS  the  species  was  made  with  doubt,  or  because  of  uncertainty  whether  the 
spedmens  taken  really  came  from  within  the  region  here  considered." 

In  the  "undetermined"  column  are  included  species  which  have  been  referred  to 
a  genus  but  not  to  a  species,  provided  only  that  no  determined  member  of  the  same 
genus  has  also  been  listed  with  which  the  species  in  question  may  be  identical. 

Spedes  have  been  listed  as  "  taken  by  dredge"  which  were  recorded  either  from  the 
regular  dredging  stations  of  the  survey  or  from  any  of  our  supplementary  stations, 
numbered  or  unnumbered. 

Spedes  have  been  listed  as  "  added  to  fauna  of  region  "  when  it  is  believed  that  their 
local  occurrence  was  recorded  for  the  first  time,  dther  as  a  result  of  the  survey  dredging 
or  of  the  other  collecting  operations  which  were  carried  on  during  these  same  years  by 
members  of  the  laboratory  staff  or  by  investigators  who  have  cooperated  in  the  work. 
In  many  cases.  It  is  true,  these  additions  to  our  local  fauna  have  been  announced  in 
other  publications,  but  their  inclusion  here  seems  none  the  less  justifiable. 

SYHOpnc  Table  oi*  &>bcibs  Cohpkisbd  in  Annotatbd  List. 
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7.  COMPARISON  OF  THE  WOODS  HOLE  CATALOGUE  WITH  CERTAIN  OTHERS. 

.While  it  is  no  part  of  our  present  plan  to  enter  into  a  historical  discussion  of  the 
pn^^ress  which  has  been  made  in  cataloguing  the  marine  fauna  and  flora  of  other  parts 
of  the  world,  it  has  seemed  worth  while  to  compare  our  own  annotated  list  with  certain 
others,  both  American  and  European,  Accordingly,  we  have  presented  in  parallel 
columns  the  number  of  species  belonging  to  each  group  which  have  t}een  listed  for 
Vineyard  Sound  and  adjacent  waters  by  Verrill  and  Smith  (1873);  for  eastern  Canada 
by  Whiteaves  (1901);  for  the  vicinity  of  Plymouth,  England,  by  the  Marine  Biological 
Association  (1904);  for  the  Irish  Sea  by  Herdman  and  his  colleagues  (1S96);  and  for 
the  Gulf  of  Trieste  by  Graeffe  (1880-1903). 

The  work  of  A.  E.  Verrill  and  S.  I.  Smith,  which  appeared  in  the  first  report  of  the 
United  States  Commisdoner  of  Fish  and  Fisheries,  was  the  most  ambitious  attempt 
vhich  had  yet  been  made  to  catalogue  the  fauna  of  any  section  of  our  coast.  While 
nominally  a  "  Report  upon  the  Invertebrate  Fauna  of  Vineyard  Sound  and  the  Adjacent 
Waters,"  and  based  primarily  upon  the  earliest  dredging  operations  of  the  United  States 
Fish  Commission,  the  scope  of  this  work  extended  to  the  whole  southern  shore  of  New 
England,  and  incidentally  to  more  distant  points.     The  report  is  divided  into  two  chief 
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sections,  the  first  of  which  comprises  a  discussion  of  the  fauna,  according  to  particular 
habitats  and  types  of  bottom  (e,  g.,  "rocky  shores  of  the  bays  and  sounds,"  "muddy 
bottoms  off  the  open  coast,"  etc.),  the  second  being  constituted  by  the  catalogue  or 
annotated  list,  together  with  a  considerable  number  of  descriptions  and  figures.  The 
former  section  contains  an  extensive  mine  of  ecological  facts  of  interest  and  value,  and 
despite  the  somewhat  loose  and  desultory  method  of  treatment  the  work  wdll  remain  a 
classic  in  American  marine  ecology.  In  all,  over  650  species  were  listed  by  these  authors, 
a  considerable  number  of  these  being  described  as  new  to  science.  The  range  of  each 
species,  so  far  as  known,  was  stated,  along  with  its  bathyraetric  distribution  and  other 
facts  in  its  natural  history. 

In  preparing  our  own  catalogue  of  the  fauna,  we  have  incorporated  all  the  species 
recordedfrom  the  "Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound,"  excepting 
such  as  are  plainly  extralimital,  or  such  as  are  believed  to  have  been  wrongly  identified. 
A  detEuled  comparison  of  the  two  lists  furnishes  some  evidence  of  a  certain  amount  of 
change  in  the  composition  of  our  fauna  during  the  past  40  years.  Examples  of  such 
changes  will  be  discussed  in  their  proper  place. 

Since  the  publication  of  the  report  of  Verrill  and  Smith  no  work  has  appeared  upon 
American  marine  ecology  of  a  magnitude  at  all  comparable  with  it.  Annotated  lists 
of  species  have  been  published,  which  have  amended  and  extended  the  records  of  that 
report ;  but  these,  for  the  most  part,  have  been  restricted  to  single  divisions  of  the  animal 
kingdom  and  have  given  the  bare  data  of  distribution,  with  but  slight  comment. 
Probably  the  most  comprehensive  of  these  recent  annotated  lists  dealing  with  the 
marine  fauna  of  any  portion  of  the  Atlantic  coast  of  the  American  continent  is 
Whiteaves's  "Catal<^e  of  the  Marine  Invertebrata  of  Eastern  Canada."  This  woric 
lists  more  than  a  thousand  species  of  invertebrate  animals,  and  is  said  to  condst  "c4 
a  systematic  list  of  all  the  species  from  the  eastern  Canadian  seaboard  that  have 
been  so  far  identified  or  described,  with  notes  on  their  geographical  distribution  and 
bathymetrical  range." 

In  order  to  compare  the  fauna  of  these  two  sections  of  the  American  coast,  belong- 
ing to  two  recognized  zoogeographical  "re^ons,"  we  have  indicated  in  our  table  the 
number  of  species  belonging  to  each  major  group,  which  are  common  to  the  Woods 
Hole  and  the  Canadian  lists.  These  figures  are  probably,  in  some  cases,  too  low,  owing 
to  our  failure  to  recognize  the  same  species  under  two  different  names. 

Ever  since  the  days  of  Edward  Forbes  the  exploration  of  English  waters  by  means 
of  the  dredge  has  been  actively  prosecuted,  and  the  fauna  of  various  sections  of  the  coast 
has  been  catalogued.  In  recent  years  the  two  principal  centers  for  English  faunistic 
studies  have  been  Plymouth  and  Liverpool.  Commendng  with  the  foundation  of  the 
Plymouth  laboratory  in  1887.  the  waters  of  that  region  have  been  diligently  explored, 
and  from  time  to  time  lists  have  been  published  comprising  the  entire  known  fauna 
and  flora  or  particular  groups  of  organisms."  The  last  of  these  inclusive  lists  was 
published  in  1904  and  embraced  all  previous  records,  so  far  as  they  were  believed  to 
be  authentic*  Over  1,200  species  of  invertebrate  animals  are  catalogued  in  this 
report,  which  includes  copious  notes  upon  local  distribution,  reproduction,  and  gen- 
eral ecology. 
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In  its  scope  this  Plymouth  census  covers  an  area  which  "roughly  speaking 

may  be  said  to  lie  within  a  radius  of  15  miles  from  the  laboratory,"  and  "extends  from 
the  shore  to  a  depth  of  30  to  35  fathoms."  The  area  is  thus  somewhat  smaller  than  is 
comprised  within  the  Woods  Hole  region,"  as  we  have  defined  it,  though  considerably 
greater  depths  have  been  included.  But  the  scope  of  the  two  catalogues  is  fairly  com- 
parable, save  for  the  exclusion  of  vertebrates  from  the  Plymouth  list,  and  some  instruc- 
tive comparisons  are  possible.  In  the  Plymouth  region,  as  in  our  own,  systematic 
dredging  has  been  carried  on  throughout  considerable  areas.  Indeed  the  biolo^cal 
survey  conducted  by  E.  J.  Allen ''  and  his  colleagues  in  adjacent  portions  of  the  English 
Channel  appears  to  be  one  of  the  most  exhaustive  investigations  extant  of  the  rela- 
tions between  fauna  and  bottom  deposits. 

Commencing  with  1885,  another  group  of  English  biologists,  under  the  lead  of 
Prof.  W.  A.  Herdman,  have  been  engaged  in  a  systematic  study  of  the  fauna  of  the 
Irish  Sea.'  Especial  attention  has  been  devoted  to  Liverpool  Bay  and  to  the  vicinity 
of  the  Isle  of  Man,  but  a  large  part  of  the  bottom  of  the  Irish  Sea  has  been  explored, 
and  the  fauna  and  bottom  dcpodts  have  been  analyzed  with  great  thoroughness.  The 
results  of  this  work  have  been  communicated  from  time  to  time  in  the  Reports  of  the 
Ijverpool  Marine  Biology  Committee,  in  the  Transactions  of  the  Liverpool  Marine 
Biological  Sodety,  in  the  Reports  of  the  British  Association,  as  well  as  in  a  separate 
series  of  volimies  entitled  "Fauna  of  Liverpool  Bay"  (no.  i-v).  A  complete  list  of  the 
species  recorded  up  to  that  date  was  published  in  the  report  of  the  British  Association 
for  1896,  and  a  synopsis  of  this  list  has  been  included  in  our  comparative  table. 

The  greater  number,  at  least,  of  the  leading  biological  stations  of  the  world  have 
devoted  more  or  less  attention  to  the  enumeration  oi  the  organisms  found  in  their 
immediate  vicinity.  This  is  preeminently  true  of  the  Naples  station,  the  pioneer 
among  marine  laboratories.  One  need  allude  only  to  the  splendid  monographs  com- 
prised in  the  "Fauna  und  Flora"  series,  and  to  the  less  pretentious  faunistic  contri- 
butions published  from  time  to  time  in  the  "  Mittheilungen  "  of  the  station.  So  far  as 
we  know,  however,  no  single  incluave  list  of  species  has  been  published  which  renders 
possible,  without  great  labor,  a  comparison  with  the  fauna  of  Woods  Hole. 

At  the  Trieste  station,  maintained  by  the  Austrian  Government  on  the  Adriatic 
Sea,  a  census  of  the  local  marine  fauna  has  for  many  years  past  been  conducted  by 
Graeffe  (1880-1903),  and  lists  of  spedes  have  appeared  comprising  most  of  the  chief 
divisions  of  the  animal  kingdom.  Here,  as  at  Plymouth,  abundant  data  are  recorded 
respecting  reproduction  and  general  ecology.  In  the  last  column  of  our  comparative 
table  we  have  indicated  the  number  of  species  recorded  by  Graeffe  for  each  group  (A 


It  is  obvious  that  these  various  faunal  catalogues  differ  widely  from  one  another 
in  respect  to  their  scope.  Three  of  them  are  restricted  to  the  invertebrates,  while  in 
only  one  (that  of  Woods  Hole)  are  the  marine  birds  listed.  Likewise,  at  Woods  Hole 
alone,  among  these  stations,  has  any  serious  attempt  been  made  to  list  the  fish  parasites, 
either  the  worms  or  the  copepods.  On  the  other  hand,  the  Foraminifera  and  some 
other  groups  have  received  relatively  little  attention  in  our  survey. 
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Again,  the  areas  comprised  differ  widely  in  tbeir  extent,  ranging  as  they  do  from 
restricted  bodies  of  water,  such  as  the  Gulf  of  Trieste,  to  such  extensive  tracts  of  ocean 
as  the  Irish  Sea  or  the  seas  bordering  the  eastern  coast  of  Canada.  Even  the  report 
of  Verrill  and  Smith,  despite  its  title,  covered  a  much  wider  territory  than  that  dealt 
with  in  the  present  work,  and  included  greater  depths  of  sea.  Indeed,  with  the  ex- 
ception of  the  waters  of  the  Gulf  of  Trieste,  those  of  the  Woods  Hole  region,  as  here 
understood,  are  the  most  restricted  among  those  con^dered  in  respect  to  batbymetric 
range. 

It  would  not  be  fair,  tber^ore,  to  look  to  the  parallel  columns  of  this  table  for 
any  really  accurate  comparison  of  the  faunas  of  the  several  regions  referred  to,  either 
in  respect  to  their  wealth  or  their  composition.  Kspecial  reservation  must  be  made 
in  accepting  the  figures  representing  the  number  of  species  common  to  Woods  Hole 
and  to  Canada  or  Plymouth.  It  is  likely  that  the  number  of  common  species  has  been 
underestimated,  partly  owing  to  the  difficulty,  without  exhaustive  research,  of  resolv- 
ing  the  synonymy  of  the  various  species;  partly  to  the  probable  identity,  not  yet 
recognized,  of  various  Buropean  and  American  forms.  If  due  caution  be  exercised, 
however,  we  believe  that  facts  of  real  value  may  be  brought  out  by  the  comparison. 

Species  are  here  hsted  as  doubtful  which  are  either  undetermined  or  of  doubtful 
identity,  provided  that  they  are  beheved  to  be  distinct  from  any  others  included  in 
the  same  list.  Varieties  are  omitted,  except  in  those  cases  where  the  species  is  repre- 
sented only  by  one  of  its  varieties. 
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Before  leaving  this  hasty  comparison  between  our  own  biological  census  and  a  few 
of  the  similar  undertakings  elsewhere,  reference  should  be  made  to  certain  works  in 
which  some  features  of  our  own  survey  are  closely  paralleled.  We  must  mention  first 
of  all  the  explorations  in  the  Kattegat  of  the  Danish  steamer  Haucks,  under  the  charge  of 
C.  G,  J,  Petersen,  The  resemblance  between  the  Danish  project  and  our  own  lies  in  the 
successful  endeavor  to  correlate  the  distribution  of  various  species  with  peculiarities 
of  bottom  and  of  water  temperature,  and  particularly  in  the  presentation  of  a  nimiber 
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of  charts  portraying  the  actual  distribution  patterns  of  certain  species.  Unfortu- 
nately Petersen  thought  fit  to  plot  upon  each  of  these  charts  the  records  for  a  consid- 
erable number  of  species  (26  in  one  case),  thus  rendering  it  very  difficult  to  distinguish 
the  distribution  of  any  one  of  these,  and  to  a  large  extent  impairing  the  usefulness  of 
the  chartis.  Petersen's  "General  results"  (of  which  an  English  translation  is  provided) 
includes  one  of  the  most  philosophical  discussions  which  have  appeared  of  the  factors 
determining  the  distribution  of  marine  animals. 

The  important  paper  of  E.  J.  Allen  (1S99)  has  already  been  mentioned  in  an  earlier 
chapter.  Allen  has,  among  other  things,  presented  16  charts,  each  portraying  the 
distribution  of  several  species,  usually  members  of  the  same  zoological  class.  Each 
species  is  indicated  by  a  letter,  its  relative  abundance  at  various  points  being  denoted 
by  the  style  of  type.  These  distributions  are  plotted  upon  an  identical  form,  having 
the  bottom  characters  indicated  by  conventional  shading.  Only  scattered  patches  are 
thus  represented,  however,  and  in  general  the  charts  have  little  in  common  with  our 
own. 

The  detailed  distribution  of  numerous  marine  species  has  likewise  been  ascertained 
by  Herdman  and  his  associates  for  the  neighborhood  of  the  Port  Erin  biological  station 
on  the  Isle  of  Man.  Seven  distribution  charts  have  been  published  (Herdman,  1901), 
each  chart  embracing  one  or  more  entire  groups  of  organisms.  Upon  these  charts  each 
spedes  is  designated  by  a  number,  so  that  the  total  distribution  of  any  given  form  may 
be  ascertained  (though  rather  laboriously)  by  finding  all  the  various  positions  occu- 
pied by  the  number  which  has  been  assigned  to  it. 
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I.  PROTOZOA. 

This  phylum  is  represented  in  our  list  by  99  determined  spedes,  together  with  5 
others  which  are  entered  as  undetermined  or  doubtful.  Of  the  99  determined  spedes 
32  are  assigned  to  the  Rhizopoda,  2  to  the  Heliozoa,  3i  to  the  Mastigophora,  3S  to  the 
Ciliata,  5  to  the  Suctoria,  and  2  to  the  Sporozoa.  All  but  2  of  the  rhizopods  belong  to 
the  subclass  Poraruinif  era,  of  which  23  spedes  have  been  encountered  during  our  dred^ng, 
and  a  number  of  others  collected  on  piles,  etc.  With  the  exception  of  two  or  three 
spedes,  no  I'oraminifera  had  been  recorded  for  local  waters  prior  to  the  operations  of 
the  present  survey. 

The  data  which  we  have  utilized  relative  to  the  Protozoa  are  derived  mainly  from 
two  sources.  The  Foraminifera  were  obtained  during  the  dredging  operations  of  1905 
and  1907,  and  were,  without  exception,  identified  by  Dr.  J.  A.  Cushman,  of  the  museum 
of  the  Boston  Sodety  of  Natural  History.  A  nearly  complete  list  of  these  spedes  has 
already  been  published  by  Dr.  Cushman  (1908).  The  records  for  the  other  divisions 
were  taken  from  the  report' of  Calkins  (1902)  upon  the  marine  Protozoa  of  the  region, 
to  which  have  been  added  a  very  few  data  from  the  writings  of  Peck  (1S94  and  1896). 
In  our  annotated  list  the  clasdfication  which  we  have  adopted  is  that  of  Professor 
Calkins,  except  in  the  case  of  the  Foraminifera.  For  the  treatment  of  the  latter  group 
Dr.  Cushman  is  responsible. 

The  local  records  for  Protozoa  are  comparatively  scanty.  The  report  of  Calkins 
represents  the  search  of  one  investigator  for  a  period  of  two  months  during  the  mid- 
summer alone.  With  very  few  exceptions,  the  forms  listed  were  taken  from  the  local 
pier,  dose  to  the  laboratory  building.  Nevertheless,  as  a  result  of  this  somewhat  super- 
fidal  examination.  Calkins  was  able  to  record  72  spedes,  8  of  which  were  described  as 
new  to  sdence," 

No  search  was  made  for  Foraminifera  during  the  summers  of  1903  and  1904,  though 
Discorbina  rosacea  was  noted  on  several  occa^ons  without  its  identity  bdng  recognized. 
Dr.  Cushman's  presence  at  the  Woods  Hole  laboratory  during  the  season  of  1905  directed 
our  attention  to  these  oi^nisms,  and  bottom  samples  from  most  of  the  stations  of  that 
year  were  examined  by  him  personally.  The  dredging  during  that  season  was  restricted 
to  Vineyard  Sound  (Fish  Hawk)  and  the  eastern  shore  of  Buzzards  Bay  (Phaiarope). 
Two  years  later,  in  order  to  obtain  more  complete  records  for  the  Foraminifera  and  cert^n 
other  organisms,  about  25  of  the  Fisk  Hawk  stations  in  Vineyard  Sound  and  about  30 
ai  those  in  Buzzards  Bay  were  revisited.  Bottom  samples  from  all  these  points  were 
submitted  to  Dr.  Cushman,  who  was  thus  enabled  to  provide  us  with  important  supple- 
mentary data.  Only  two  spedes  were  found,  however,  which  had  not  previously  been 
recorded  by  us,  and  it  is  Dr.  Cushman's  belief  that  the  list  of  local  Foraminifera  is  toler- 
ably complete.  But  our  knowledge  of  thdr  distribution  within  the  region  was  greatly 
extended  by  these  later  dredgings.  We  have  accordingly  departed  from  the  custom, 
which  has  been  followed  for  most  other  groups,  of  including  in  our  distribution  charts 
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only  data  derived  from  the  regular  dredging  operations  of  the  first  three  years,  and  have 
plotted  out  the  records  of  these  supplementary  dredgings  in  the  case  of  the  Foraminifera. 

The  me^er  representation  of  the  Foraminifera  in  our  local  fauna  is  realized  in  a 
striking  way  when  the  present  records  are  compared  with  those  for  deep-sea  dredging. 
There  occurs  in  these  waters  none  of  the  "ooze"  which  forms  such  a  marked  feature  of 
the  ocean  bottom  the  world  over.  The  maximum  number  of  spedes  found  by  the  survey 
at  any  single  station  was  9  (Phatarope  station  7S),  and  the  average  number  found 
throughout  the  period  during  which  a  careful  examination  was  made"  was  t.4  species 
per  dredge  haul.  During  the  Challenger  dredgings,  it  was  not  uncommon  to  find  100 
species  of  Foraminifera  at  a  single  station,  and  over  240  species  were  found  in  one  case. 

The  Canadian  list  of  Whiteaves  comprises  64  members  of  this  group,  13  of  which 
are  known  to  occur  in  our  local  waters;  while  the  Plymouth  list  comprises  109  species, 
19  of  which  are  common  to  Woods  Hole.  The  list  for  the  Irish  Sea  comprises  209  species 
of  Foraminifera.  All  three  of  these  foreign  surveys  have  extended  to  waters  of  consider- 
ably greater  depth  than  any  which  occur  within  the  "  Woods  Hole  region  "  of  the  present 
report.    The  great  disparity  in  the  wealth  of  Foraminifera  is  thus  largely  accounted  for. 

Distribution  charts  have  been  plotted  for  those  9  of  our  local  species  which  were 
taken  at  10  or  more  of  the  dredging  stations.  Regarding  the  distributions  here  por- 
trayed few  definite  conclusions  can  be  offered,  owing  to  the  incompleteness  of  the  records 
upon  which  they  are  based.  As  already  stated,  these  organisms  were  not  looked  for 
during  the  regular  dredgings  of  the  Fish  Hawk  in  Buzzards  Bay,  nor  during  the  Phaia- 
rope  dredging  in  Vineyard  Sound,  though  the  former  deficiency  was  in  some  measure 
rectified  during  the  summer  of  1907.  As  a  consequence,  one  might  eaaly  be  misled 
respecting  the  relative  abundance  of  certain  species  on  various  parts  of  the  local  sea 
floor.  For  example,  most  of  the  species  seem  to  be  scarce  or  absent  in  the  central  parts 
of  Buzzards  Bay.  This  is  doubtless  due  in  part  to  the  fact  that  material  was  examined 
from  less  than  30  stations  in  the  deeper  parts  of  the  Bay,  as  compared  wdth  about  125 
in  the  Sound.  During  the  supplementary  dredging  of  1907  a  number  of  species  (Mili' 
otina  seminuJum,  Polymorphina  lactea,  Polystomella  strialopunclata,  and  RotaHa  beccarii) 
were  encountered  at  Fish  Hawk  stations  in  the  Bay;  the  two  last  named,  indeed,  being 
taken  with  considerable  frequency.  It  does  not  seem  unUkely,  however,  that  the  soft, 
black  mud  which  prevails  throughout  much  of  Buzzards  Bay  is  unfavorable  to  some 
species  of  Foraminifera,  as  to  many  other  organisms  of  all  sorts.  On  the  other  hand, 
with  a  very  few  exceptions,  every  spedes  which  was  recorded  from  Vineyard  Sound  was 
taken  with  greater  or  less  frequency  along  the  island  shores  of  Buzzards  Bay. 

One  feature  in  the  distribution  of  nearly  all  the  species  which  have  been  plotted 
is  the  greater  frequency  with  which  they  occur  at  the  western  end  of  Vineyard  Sound. 
Indeed,  certEun  species  are  entirely  lacking  in  the  eastern  half.  So  far  as  is  known,  the 
same  degree  of  care  was  taken  in  preserving  and  examining  the  bottom  samples  through- 
out the  whole  length  of  the  Sound  during  the  Fish  Hawk  dredging  of  1905.  This  greater 
abundance  of  Foraminifera  at  its  western  end  would  thus  seem  to  be  a  genuine  fact  in 
distribution.  Whether  it  is  due  to  the  character  of  the  bottom,  which  is  predominantly 
sandy  in  the  western  half  of  the  Sound,  or  to  the  comparative  absence  of  the  swift  tidal 
currents  in  the  latter  part  can  not  be  stated  with  any  certainty. 
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The  following  is  a  list  of  the  Foraminifera  dredged  by  the  Survey.     The  asterisk 
denotes  species  which  were  recorded  from  10  or  more  stations : 


Astnirliiza  limicola. 

Reaphax  dentalinifonab. 

Haplophragmium  canarienae. 

Webbina  hemisphcrica. 

Spiroculiua  limbata. 
"Biloculina  ringens  (chart  i). 

Bilocultna  tubulosa. 
"Miliolina  semmulum  (cliait  a). 
"Miliolina  oblonga  (chart  3). 
'Hiliolina  circularia  (chart  4). 

Hiliolina  boueana. 

MilioliDH  veniuta. 


Milk>lina  bicomis, 

Vemeuilina  polystropha. 
"Polymorphina  lactea  (Chart  5). 

Polymorphina  concava. 

Polymorphina  rotimdata. 
•Discorbina  rosacea  (chart  6). 

Tntncatulina  lobahila. 
•Pulvinulina  lateralis  (chart  7), 
•Rotalia  beccarii  (chart  8). 
*PolystamellH  striatopimctata  (chart  9). 

Polystomella  crispa. 


2.  PORIFERA. 


The  treatment  of  the  3pong:es  constitutes  decidedly  the  weakest  spot  in  our  report. 
In  addition  to  the  naturally  great  difficulties  presented  to  the  systematist  by  these 
animals  is  the  fact  that  the  group  has  been  very  largely  neglected  by  local  zoologists. 
Since  the  work  of  Verrill  in  the  early  seventies,  in  which  a  considerable  proportion  of 
the  forms  recorded  were  not  specifically  determined,  no  attempt  has  been  made  to  list 
or  desctibe  the  sponges  of  the  shallower  waters  of  the  New  England  coast.  Verrill's 
later  studies  were  devoted  to  species  taken  at  considerable  depths  and  belonging  to  a 
fauna  quite  distinct  from  that  under  condderation.  Lambe,"  it  is  true,  has  given  much 
attention  to  the  Canadian  sponges,  some  of  which  are  identical  with  species  included 
in  the  present  work,  and  H.  V.  Wilson*  has  reported  upon  the  Porto  Rico  forms, 
none  of  which,  however,  are  known  to  occur  in  the  Woods  Hole  re^on.  The  paucity, 
of  our  data  relating  to  the  shallow-water  species  constitutes  a  conspicuous  gap  in  our 
knowledge  of  the  local  fauna. 

In  view  of  this  condition  of  affairs,  Dr,  J.  A.  Cushman,  of  the  museum  of  the  Boston 
Society  of  Natural  History,  undertook  during  the  summer  of  1905  and  durii^  the  fol- 
lowing winter  to  identify  the  sponges  collected  in  the  course  of  the  Survey  dredging. 
Twelve  species  were  specifically  determined  by  him  with  more  or  less  certainty,  four  of 
these  being  forms  which  had  been  overlooked  or  left  unidentified  by  Verrill  at  the  time 
(tf  the  writing  of  the  "Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound." 
Certain  other  species  were  provisionally  assigned  to  genera,  and  an  even  greater  number 
remained  undetermined.  It  was  unfortunately  imposdble  for  Dr.  Cushman  to  continue 
this  work  after  1905,  and  thus  the  results  here  presented  are  fragmentary  and  perhaps 
not  wholly  consistent. 

In  all,  14  determined  spedes  of  sponges  are  comprised  in  our  annotated  list,  the 
identity  of  which  is  not  certain  in  all  cases.  We  have  also  included,  on  the  authority  of 
Verrill  and  of  Cushman,  a  number  of  unidentified  forms,  to  which  generic  names  have 
been  provisionally  assigned. 

The  Canadian  list  of  Whiteaves  comprises  36(  +  2?)  species  of  Porifera  (identified 
in  the  main  by  Lambe),  six  of  which  are  common  to  our  Woods  Hole  list.  At  Plymouth 
only  iS  sponges  have  been  catalogued,  of  which  four  or  five  are  common  to  our  own 
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waters,"  Herdinan  records  58  species  from  the  Irish  Sea,  while  Graeffe  lists  45  species 
from  the  Gulf  of  Trieste.  As  implied  tn  the  foregoing  discussion,  it  is  likely  that  the 
Woods  Hole  Ust  will  be  greatly  extended  by  further  investigations. 

Referring  to  our  dredging  records  for  this  group,  the  distributions  of  certain  forms, 
such  as  Cliona  celata,  Microciona  prolifera,  Tethya  gravida,  and  Polymastia  robusta,  have 
probably  tjeen  ascertained  with  a  fair  degree  of  accuracy.  On  the  other  band,  it  is 
probable  that  some  confusion  occurs  between  the  two  species  of  Chalina,  since  specimens 
which  were  listed  in  the  field  records  as  C  arbuscula  were  in  a  number  of  cases  subse- 
quently identified  as  C.  oculala  (see  catalogue).  For  this  reason  a  single  chart  has  been 
prepared,  which  includes  all  the  records  for  this  genus.  A  similar  confusion  exists 
regarding  the  two  species  of  Hal'khondria  {H.  panicea  and  H.  caduca).  And  in  addition 
to  these  equivocal  records  specimens  belonging  to  entirely  undetermined  species  of 
this  genus  are  listed  from  about  20  of  the  regular  dredging  stations  and  were  doubtless 
taken  at  many  others. 

Under  such  circumstances  little  of  a  general  nature  can  be  said  regarding  the 
distribution  of  these  animals  in  local  waters.  The  species  having  the  most  general 
occurrence  was  Clicna  celata  Grant  {=Spongia  sidphurea  Desor),  which  was  recorded 
from  171  of  the  regular  stations.  This  form  seems  to  flourish  nearly  as  well  on  one 
kind  of  bottom  as  another,  though  it  is  much  less  common  in  the  western  half  of  the 
Sound  than  in  the  eastern  half.'  That  its  scarcity  in  the  former  region  is  not  due  to 
the  lower  summer  temperature  of  the  water  there  is  rendered  probable  by  the  fact  that 
this  species  has  been  reported  by  Lambe  from  Prince  Edward  Island,  in  the  Gulf  of 
St.  Lawrence.  It  has  not  been  taken  by  us,  however,  at  Crab  Ledge,  where  many  of 
the  typical  cold-water  species  occur  and  many  southern  ones  are  lacking. 

Microciona  prolifera  is  not  uncommon  in  the  Sound  in  the  form  of  reddish  incrus- 
tations on  the  surface  of  stones  and  shells.  In  Buzzards  Bay,  particularly  in  the  inshore 
waters,  it  frequently  grows  up  into  the  characteristic  and  beautiful  arborescent  form. 

A  species  of  Grantia,  which  has  been  regarded  as  G.  ciliala  (Fabricius)  by  VerriU 
and  others,  is  common  on  piles,  and  one  or  more  species  of  the  same  genus  (not  improb- 
ably identical  with  the  foregoing)  were  encountered  at  various  points  in  dredging 
(chart  10). 

An  interesting  case  of  restricted  distribution  is  exemplified  in  the  case  of  Polymastia 
robusta,  for  which,  however,  no  chart  has  been  prepared,  owing  to  the  limited  number  rf 
stations  from  which  it  was  recorded.  This  readily  recognizable  species  was  taken  by 
us  a  few  times  at  the  western  entrance  of  Vineyard  Sound  and  in  the  mouth  of  Buz- 
zards Bay;  likewise  at  five  of  the  seven  regular  stations  of  the  survey  at  Crab  Ledge. 
It  is  thus  a  representative  of  that  colder  water  fauna  which  just  enters  the  limits  of  our 
region.  So  far  as  we  know,  this  species  has  not  been  listed  from  points  farther  south 
upon  our  coast  than  Marthas  Vineyard,  though  ranging  northward  at  least  to  the  Gulf 
of  St.  Lawrence. 

Another  case  of  definitely  restricted  distribution,  for  which,  however,  no  explanation 
can  be  offered  at  present,  is  that  of  Tethya  gravida.  This  species,  which  was  first  described 
by  Hyatt  from  specimens  taken  in  Buzzards  Bay,  was  encountered  by  us  eight  times, 
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but  always  within  a  very  limited  area  near  the  head  of  the  Bay.  Mr.  G.  M.  Gray  also 
reports  finding  it  at  Bird  Island,  in  the  same  vicinity.  We  know  of  no  other  records 
of  the  occurrence  of  this  species. 

The  following  is  a  list  of  the  species  recorded  from  the  Survey  dredgings.  The 
asterisk  denotes  those  which  were  taken  at  10  or  more  of  the  stations  (excludve  of  Crab 
Ledge). 

CbaJina  arbuscula. 


Cholina  oculata. 

Eaperella  modesta. 
Dtsmacidon  palmata. 
Myxilla  sp,  undet. 
•Microciona  proHfera  (chart  tj). 


Ascortia  fi^Iia, 
?*Graiitui  ciliata  (cbait  to). 
*C1ioiiB  celata  (chart  11). 

Polymastia  lobusta. 

Tethya  gravida. 

Halichondria  panicea. 

Halichondria  caduca. 

A  chart  (13)  has  been  prepared  based  upon  the  equivocal  records  for  one  or  both 
species  of  Chalina. 

Of  the  three  determined  species  so  common  as  to  have  been  recorded  from  10  or 
more  stations,  one  appears  to  be  distinctly  northern,  another  to  be  distinctly  southern, 
while  the  third  appears  to  have  a  range  of  nearly  equal  extent  in  both  directions.     The 
ranges,  as  given  by  Verrill  (1873),  are  as  follows: 
Gcantia  ciHata:  Rhode  Island  to  Greenland. 
CUona  celata:  South  Carolina  to  Portland,  He. 
Microciona  prolifera:  South  Carolina  to  Cape  Cod. 

Cliotui,  as  already  stated,  has  since  been  reported  from  the  Gulf  of  St.  Lawrence. 
3.  CCELENTERATA. 

Our  list  comprises  160  determined  species  belonging  to  this  phylum,  together  with  13 
others  which  are  undetermined  or  doubtful.  These  are  assignable  to  54(  +  3?)  families 
and98(+7?)  genera.  The  representation  of  the  various  classes  is  as  follows:  Hydrozoa, 
i32(+8?);  Scyphozoa,  5(+i?);  Actinozoa,  i4(+3?);  Ctenophora,  8.  Among  these, 
28(+i?)  of  the  Hydrozoa  and  4(  +  3?)  of  the  Actinozoa  have  been  encountered 
during  the  Survey  dredgings.  The  Scyphozoa  and  Ctenophora,  owing  to  their  pelagic 
mode  of  existence,  do  not  figure  in  the  dredging  records,  although  the  latter  frequently 
and  the  former  occasionally  were  taken  during  the  reeling  in  of  the  dredge  or  trawl. 
Furthermore,  a  large  majority,  even  of  the  fixed  hydroids,  comprised  in  our  catalogue, 
find  their  proper  habitat  in  shallower  waters,  where  they  grow  attached  to  plants  or 
woodwork,  and  are  rare  or  absent  upon  the  bottoms  reached  by  the  dredge. 

The  identification  of  specimens  concerning  which  any  doubt  was  felt  by  the  col- 
lectors was  made  by  Prof.  C.  W.  Hargitt,  of  Syracuse  University,  and  Prof.  C.  C.  Nut- 
ting, of  the  University  of  Iowa,  to  whom  we  again  take  occasion  to  express  our  thanks 
for  their  assistance.  The  identification  of  the  1903  specimens  was  performed  by  Prof. 
Nutting,  that  of  the  subsequent  material  by  Prof.  Hargitt.  A  comparison  of  the  deter- 
minations made  by  these  two  authorities  revealed  certain  differences  of  opinion,  some  of 
which  were  later  adjusted.  In  other  cases,  such  differences  are  indicated  in  the  text. 
Prof.  Hargitt  was  present  at  the  laboratory  as  a  member  of  the  investigation  Staff  dur- 
ing the  summers  of  1905  to  1909,  inclusive,  and  the  records  for  those  seasons  are  doubt- 
less  on  this  account  more  complete  than  during  the  two  previous  seasons  of  the  Survey's 
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work.  During  these  two  earlier  seasons  it  seems  probable  that  certain  minute  and 
inconspicuous  forms  were  overlooked  by  the  collectors.  It  is  likewise  probable  that 
some  closely  related  spedes  were  confused  in  the  field  records.  This  is  perhaps  true  to 
some  extent  even  of  such  common  forms  as  Eudendrium  ramosum  and  E.  dUpar,  though 
samples  from  many  of  the  stations  were  fortunately  preserved  for  future  reference. 

The  apparent  scarcity  of  nearly  all  hydroids  throughout  Buzzards  Bay,  as  por- 
trayed by  the  distribution  charts,  may  be  due  in  some  measure  to  the  fact  that  no 
specialist  in  this  group  was  present  during  the  season  of  1904,  when  the  original  Fish 
Hawk  dredging  was  carried  on  in  that  body  of  water.  We  are,  however,  inclined  to 
attribute  a  minor  importance  to  this  fact  in  judging  of  the  occurrence  of  hydroids  in 
Buzzards  Bay,  since  records  from  29  stations  which  were  redredged  in  1909  do  not 
materially  affect  our  ideas  regarding  the  local  distribution  of  these  organisms. 

The  data  utilized  in  the  preparation  of  our  catalogue,  aside  from  those  derived 
from  our  own  collecting  operations,  are  based  principally  upon  the  published  works  of 
A.  Agassiz  (1865),  Verril!  (1873),  Nutting  (1901),  and  Hargitt  (1901-1908).  In  addi- 
tion, special  records  were  furnished  by  members  of  the  investigation  staff  or  by  others. 
Particular  mention  must  be  made  of  some  rather  extensive  manuscript  notes  kindly 
contributed  by  Prof.  Hargitt.  The  latter  authority  likewise  consented  to  revise  our 
annotated  list  in  respect  to  nomenclature  and  classification,  though  he  regards  these  as 
being  still  to  a  considerable  extent  provisional. 

About  20  species  new  to  science  have  been  described  during  the  past  10  years  by 
Hargitt,  Nutting,  Mayer,  and  others  from  specimens  taken  within  the  limits  of  the 
present  region.  At  least  two  of  these  {Ectopleura  prolifica  Hargitt  and  Keratosa  com- 
pUxum  Hai^tt)  were  described  from  specimens  obtained  during  the  course  of  the  survey 
dredging;  while  a  number  of  them  were  first  collected  and  described  during  thissame 
period,  though  independently  of  the  dredging  operations.  Still  other  species  (Calypto- 
spadix  cerulea,  Opercidarella  pumila,  Seriularia  versltiysi,  Seriularella  polyzonias,  Aglao- 
pkenia  nUnula,  Tealia  crassicornis) ,  though  more  or  less  familiar  elsewhere,  have  been 
added  to  the  known  fauna  of  these  waters  through  the  dredging  and  collecting  opera- 
tions which  form  the  chief  subject  of  the  present  volume. 

Venill  and  Smith  (1873)  recorded  72  deterrtiined  species  of  coelenterates  from 
definitely  stated  points  within  the  limits  of  the  region,  together  with  a  considerable 
number  of  others  which  were  doubtful,  undetermined,  or  extralimital.  Among  the 
foregoing  72  species  were  57  Hydrozoa,  3  Scyphozoa,  8  Actinozoa,  and  4  Ctenophora. 
Certain  of  the  species  listed  by  Verrill  (e.  g.,  Halecium  gracUe,  Edwardsia  farinacea.  and 
E.  lineaia)  do  not  appear  to  have  been  encountered  in  local  waters  by  later  naturalists. 
Indeed,  repeated  search  by  our  parties  for  Edwardsia  lineaia  at  points  where  it  was 
said  to  be  abundant  by  Verrill  fc^iled  to  bring  to  light  a  single  specimen.  On  the  other 
hand,  certain  species  which  were  not  listed  at  all  in  the  "Invertebrate  Animals  of  Vine- 
yard Sound"  are  now  known  to  be  common  in  these  waters.  Such  are  Podocoryne 
camea,  Lizzia  grata,  Tubularia  coulhouyi,  Stauroslcma  laciniala,  Epenihesis  folkala, 
Halecium  halecinum,  Gonionemus  murbackii,  and  Sagartia  lucia.  The  last-named 
species  we  know  to  be  a  recent  immigrant  into  these  waters,  which  probably  arrived 
here  within  the  past  15  years.  Indeed  it  has,  during  this  briet  period,  become  by  far 
the  most  abundant  of  our  local  actinians.     Whether  or  not  any  of  the  other  species  are 
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imimgraiits  of  recent  standing  can  not   be  stated.     We  have  no  satisfactory  evidence 
that  such  is  the  case. 

The  Canadian  list  prepared  by  Wbiteaves  includes  66  Hydrozoa,  5  Scyphozoa,  44 
Actinozoa,  and  4  Ctenophora.  Of  these,  41  Hydrozoa,  3  Scyphozoa,  4  Actinozoa,  and 
4  (all)  of  the  Ctenophora  are  common  to  our  Woods  Hole  list.  It  is  interestii^  that 
while  the  number  of  hydroids  in  the  Canadian  list  is  only  half  as  great  as  in  our  own, 
the  number  of  actiniaos  is  about  three  times  as  great. 

The  catalogue  for  Plymouth  includes  121  Hydrozoa,  8  Scyphozoa,  34  Actinozoa, 
and  3  Ctenophora.  Of  these,  34  (+6?)  Hydrozoa,  2  (?)  Scyphozoa,  (3  +  1?)  Actinozoa, 
and  2  Ctenophora  are  known  to  be  common  to  the  Woods  Hole  region. 

The  list  of  Herdman  for  the  Irish  Sea  comprises  i29(+ 1  ?)  Hydrozoa,  6  Scyphozoa, 
34  Actinozoa,  and  4  Ctenophora,  There  is  a  rather  close  agreement  between  the 
Woods  Hole,  Plymouth,  and  Irish  Sea  lists  in  respect  to  the  number  of  Hydrozoa 
comprised.  On  the  other  hand,  both  of  the  latter  lists  agree  in  including  a  considerably 
greater  number  of  actinians  than  have  been  recorded  from  the  Woods  Hole  region. 

For  the  Gulf  of  Trieste,  Giaeffe  catalogues  64(4-2?)  Hydrozoa,  9  Scyphozoa,  29 
Actinozoa,  and  5  Ctenophora. 

In  all  these  comparisons  the  ditferences  in  area  and  in  bathymetric  range  among 
the  various  regions  must  df  course  be  kept  in  mind  (see  p.  S7). 

On  the  average  1 .8  species  of  ccelenterates  were  recorded  for  each  of  the  458  regu- 
lar stations  of  the  Survey.  The  spedcs  found  to  be  of  most  general  occurrence  was  the 
ooral  Asirangia  dance,  which  was  encountered  at  158  of  the  stations,  this  being  the  only 
ccelenterate  which  was  so  prevalent  as  to  be  recorded  from  one-fourth  of  the  stations 
dredged.  It  is  likely,  however,  that  Hydractinia  eckinata  was  actually  present  in  at  least 
one-fourth  of  the  dredge  hauls,  and  that  it  was  frequently  overlooked  by  us  in  listing 
the  species  in  the  field. 

Referring  to  the  table  on  page  78,  it  will  be  seen  that  on  the  average  nearly  three 
times  as  many  species  of  hydroids  per  dredge  haul  were  recorded  for  the  Fish  Hawk 
stations  in  Vineyard  Sound  as  for  those  in  Buzzards  Bay,  while  the  average  number  of 
Actinozoa  was  the  same  in  both  bodies  of  water.  The  Phalarope  stations  in  Vineyard 
Sound  likewise  show  an  excess  of  hydroids  as  compared  with  the  stations  in  the  Bay. 
From  the  table  on  p^e  79  it  is  evident  that  there  is  a  greater  wealth  both  of  hydroids 
and  of  actinians  on  bottoms  of  gravel  and  stones  than  upon  bottoms  of  mud  or  of 
pure  sand.  As  respects  Hydrozoa,  the  aver^je  number  of  species  is  nearly  twice  as 
great  upon  sandy  bottoms  as  upon  muddy  ones.  The  distribution  of  most  ccelenterates 
upon  the  local  sea  floor  is,  we  beUeve,  almost  wholly  conditioned  by  the  character  of 
the  bottom. 

Charts  have  been  prepared  showing  the  distribution,  in  local  waters,  of  10  spedes 
of  Hydrozoa  and  3  of  Actinozoa.  A  Ust  of  these,  with  a  statement  of  the  geographical 
distributicm  of  each  is  given  below.  Owing  to  the  probable  incompleteness  of  our 
earlier  records  for  the  Hydrozoa,  the  practice  of  basing  our  charts  upon  the  original 
dredgings  cA  the  "regular"  Series  only  has  not  been  adhered  to  for  this  group.  The 
results  of  various  supplementary  dredgings  (see  p.  62)  have  been  incorporated  here 
as  in  the  case  of  the  f  oraminifera  and  the  Bryozoa. 
16369° — Bull.  31,  pt  I — 13 7 
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These  charts  nearly  all  agree  in  showing  the  paucity  of  coslenterate  life  in  Buzzards 
Bay,  to  which  reference  has  already  been  made.  In  fact,  but  two  spedes  (Eudendrivm 
ranwsum  and  Aslrangta  datuE)  appear  to  be  of  anything  like  as  general  occurrence  in 
the  Bay  as  in  the  Sound.  Two  species  among  those  charted  were  not  recorded  from  a 
single  station  in  the  former  body  of  water,  while  some  of  the  others  are  confined  within 
its  limits  to  the  extreme  lower  end  or  to  the  immediate  neighborhood  of  land.  This 
last  condition  is  found  to  obtain  in  the  case  of  many  species  belonging  to  nearly  every 
group  which  do  not  thrive  upon  muddy  bottoms,  and  their  distribution  is  readily 
explainable  by  reference  to  this  fact.  Hydroids,  as  is  well  known,  depend  for  support 
upon  a  solid  substratum,  such  as  is  afforded  by  stones  or  dead  shells,  and  their  frequent 
occurrence  upon  bottoms  which  are  listed  as  of  pure  sand  is  doubtless  made  possible 
by  the  presence  of  shells.  Where  such  solid  objects  occur  in  the  Bay,  however,  they 
are  commonly  more  or  less  covered  by  soft  mud.  Nevertheless,  at  least  one  species  of 
hydroid,  Eudendrium  ramosum,  has  established  itself  in  considerable  abundance  on 
the  floor  of  Buzzards  Bay,  a  fact  which  is  difficult  to  explain  when  we  conMder  the 
almost  total  absence  there  of  Pennaria  tiarella,  a  species  having  a  quite  amilar  mode  of 
life,  and  one  which  is  abundant  throughout  the  Sound. 

Of  con^derable  interest  is  the  scarcity  of  Hydractinia  eckinata  over  the  whole  central 
area  of  Buzzards  Bay.  That  this  is  not  due  to  the  scarcity  within  this  area  of  the  her- 
mit crabs  upon  whose  shells  Hydractinia  commonly  dwells  may  be  seen  by  reference  to 
charts  109,  in  and  11 2,  from  which  it  is  evident  that  the  three  commonest  local  Paguri 
are  present  throughout  the  entire  Bay.  It  was  at  first  thought  possible  that  the  non- 
appearance of  this  hydroid  in  the  records  of  the  Fish  Hawk  for  Buzzards  Bay  might 
have  been  due  to  the  failure  of  those  responsible  for  the  latter  series  of  stations  to 
include  it  when  listii^  the  contents  of  the  dredge.  That  this  is  not  a  satisfactory  expla- 
nation was  shown  in  the  course  of  some  supplementary  dredgings  made  during  the 
summer  of  1909.  Hermit  crabs  (P.  longkarpus  and  P.  atmulipes)  were  taken  at  16  of 
the  former  Fish  Hawk  stations,  but  in  only  a  single  instance  was  Hydractinia  met 
with,  though  Podacoryne  was  noted  three  times.' 

Several  of  the  hydroids,  particularly  Tvbularia  couihouyi  and  Thuiaria  argetUea, 
appear  to  show  a  marked  preference  for  the  eastern  half  of  Vineyard  Sound,  where  the 
bottom  is  in  large  measure  stony.  The  distribution  of  Obelia  genicwlaia  is  probably 
dependent  upon  that  of  certain  algae,  to  which  it  is  generally  found  attached.  Its 
abundance  in  the  vicinity  of  Gay  Head  probably  stands  in  direct  relation  to  the  occur- 
rence there  of  large  numbers  of  the  kelps  {Lamiruiria) ,  upon  which  it  frequently  grows. 

At  least  two  very  instructive  cases  are  to  be  noted  among  the  spedes  charted, 
which  appear  to  be  intelligible  only  by  reference  to  temperature  conditions.  We  refer 
to  the  two  actinians,  Alcyonium  cameum  and  Astrangia  datus.  The  former  was  found 
to  be  confined  to  the  western  end  of  Vineyard  Sound  and  the  extreme  lower  end  of 
Buzzards  Bay.  It  was  not  surprising,  therefore,  to  meet  with  this  spedes  at  several 
of  the  Crab  Ledge  stations.  The  case  is  quite  comparable  with  that  of  the  sponge. 
Polymastia  robusta,  referred  to  on  page  94,  and  with  many  others  which  will  be  con^dered 
later.    The  hmits  of  distribution  for  this  spedes,  so  far  as  known,  are:  Rhode  Island 

■  Thoc  Eupplrm^Urv  dredeinES.  howcrO'.  addnl  Bcmftl  ipccia  to  tbefunuctf  theBAy,  HjlBras  rrondcd  by  to.  Thcw 
mtt  Clyta  cjUnJrica,  Ptnnaria  tiatUa  (wbich  is  doubUcn  rominm  aoasb  in  shallow  watcn  near  ihoir),  Podotarfiu  camta; 
and  ScUiBlridia  tauUa.  Wllik  none  af  ch«c  wen  ukcn  with  niffidenl  frequency  lo  M0tct  srriouslv  our  rtactpliai  at  the  cocko- 
tente  lunu  ol  thr  B«v,  they  pant  to  the  protHbility  d  cnuidenible  (Up*  tn  our  original  ncordi  for  tbii  innp. 
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(Verrin)  to  the  Gulf  of  St.  Lawrence  (Whiteaves).  It  is  thus  predominantly  a  northern 
fonn,  which  here  approaches  the  southern  limit  of  its  range.  Temperature  is,  with 
little  doubt,  the  determining  factor  in  the  distribution  of  this  species  in  local  waters. 

What  appears  to  be  a  type  of  distribution  exactly  converse  to  the  last  is  to  be 
found  in  the  case  of  the  simple  coral,  Astrangia  dana.  This  species  is  abundant  and 
of  very  general  distribution  throughout  most  of  Buzzards  Bay  and  Vineyard  Sound. 
Indeed,  it  seems  to  be  almost  equally  at  home  upon  every  sort  of  bottom,  including 
soft  black  mud.  Now,  it  will  be  seen  that  this  form  is  conspicuously  scarce  at  the  open 
end  of  Vineyard  Sound,  i.  e.,  in  those  same  colder  waters  to  which  Alcyonium  seems 
adapted  to  live.  Astrangia,  we  learn,  is  a  southern  species,  finding  its  northward  limit 
at  or  near  Cape  Cod,  so  that  itsscardty  in  the  colder  waters  of  the  re^on"  is  thus  perhaps 
explained.  It  may  be  suggested,  on  the  other  hand,  that  this  gap  in  the  loc^  distribu- 
tion of  Astrangia  may  result  from  the  character  of  the  bottom,  which  is  almost  wholly 
sandy  throughout  the  area  in  question.  The  species  has,  however,  been  dredged  else- 
where upon  bottoms  of  practically  pure  sand,  so  that  this  explanation  does  not  seem 
sufficient. 

If  we  seek  for  comparisons  between  the  distributioos  of  different  members  of  the 
same  genus,  we  find  that  our  dredging  records  furnish  few  data  of  importance  upon  this 
subject.  Tiibvlaria  couthouyi  and  T.  crocea  are  seen  to  present  certain  characteristic 
differences,  in  that  the  former  is  largely  restricted  to  stony  bottoms,  while  the  latter  is 
of  much  more  general  occurrence  upon  the  local  sea  floor  and  is  abundant,  likewise, 
even  upon  piles,  etc.,  in  shallow  water.  The  former  spedes  has  not  been  taken  with 
living  hydranths  during  the  summer  months,  except  at  Crab  Ledge  and  in  the  deeper 
waters  south  of  Marthas  Vineyard,  while  T.  crocea  has  been  found  within  the  region  in 
an  active  condition  throughout  the  summer. 

Referring  to  the  two  commoner  species  of  Eudendrium  {E.  ramosum  and  E.  dispar), 
it  would  seem  probable  that  the  distribution  of  the  latter  in  local  waters  is  far  more 
restricted  than  that  of  the  former.  Indeed,  our  records  point  to  the  scarcity  or 
absence  of  this  species  in  Buzzards  Bay,*  a  condition  which  affords  an  interesting  con- 
trast to  that  of  E.  ramosum,  one  of  the  few  hydroids  which  were  dredged  with  any 
frequency  in  the  latter  body  of  water. 

Even  more  striking  differences  of  habitat  shown  by  closely  related  species  of 
coelenterates  might  be  chosen  among  genera  which  do  not  figure  in  our  dredging  records 
at  all,  e.  g.,  Edwardsia  and  Sagarlia. 

The  following  is  a  list  of  the  species  taken  in  the  course  of  the  Survey  dredging.  As 
usual,  those  species  are  designated  by  an  asterisk  which  were  taken  at  10  or  more  of  the 


Eudendrium  cameum. 

Eudendrium  capillaFe. 

Eudendrium  album. 
"Tubularia  couthouyi  (chart  18). 
?Tubnl8ria  spectabilis. 

Tubulana  tenella. 


,Ectopleura  prolifica. 
'Pennaria  tiarella  (chart  14). 

Rxlocaryne  camea. 
'Hydr&ctiuia  echinata  (chart  15). 
'Eudendrium  ramosun)  (chart  16). 
'Eudendrium  dispar  (ctiart  17). 
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Tubularia  cracw  (chart  ig),  Calycella  syringa. 

Clytia  cylindrica.  .  *Haleciuni  halecinnm  (chart  ii). 

Campanularia  verticillata.  SertuIaiiB  pumila. 

Obelia  comniisuralis.  Thuiaria  argentea  (chart  aa). 

•Obelia  geniculata  (chart  aa).  Thuiaria  cupresdita. 

Hebella  sp.  undet.  SertuUrella  gayi. 

Keratosnm  complemm.  Sertularella  triciupidata. 
Xiovenella  grandis.  Hydrallmania  falcata. 

Opercularella  pumila.  'Schizotricha  tenella  (chart  13). 

ACTINQZOA. 

'Alcyoniuni  cameum  (chart  34).  I    Tcalia  crassiconus. 

?Ptenigotgia  gracilis  (ooe  small  dead  fragment).         ^Astrangia  daiue  (chart  a6}. 
*Uetridium  diantbus  (chart  as).  | 

If  we  consider,  irith  respect  to  their  known  ranges  upon  our  coast,  these  13  species 
of  oelenterates  which  were  of  most  frequent  occurrence  in  our  dredge  hauls,  we  oiay 
group  them  as  follows: 

Prtdominmtily  northern. 

Hydractinia  echinaU Greenland  (HOrch)  to  Charleston,  8.  C.  (HcCKady). 

Eudendrium  di^uir Bay  of  Fundy  to  A^neyard  Sound  (Verrill). 

Halecium  halecinum Gulf  of  St.  Lawrence  (Whiteaves)  to  Long  Island  Smmd  (Haifllt). 

Thuiaria  argentea North  Polar  regions  to  Maryland  (Nutdng). 

Alcyonium  cameum Gulf  of  St.  Lawrence  (Whiteaves)  to  Rhode  Island  (Venill). 

Hetridium  dianthus Labrador  to  New  Jersey  (Verrill). 

Prtdominajttly  toulhtm. 

Pennaria  tiarella Maine  to  West  Indies  (Mayer). 

Schizotricha  tenella Marthas  Vineyard  (Nutting)  to  Beaufort,  N.  C.  (Praaci). 

Astrtmgia  dame' Cape  Cod  to  Flarida  (Verrill). 

Having  rangt  <^  opproximattly  eqval  txttnl  north  and  tOMth, 

Eudendrium  ramosum Labrador  (Verrill)  to  Bermuda  and  Beaufort,  N.  C.  (Hargitt). 

Obelia  geniculata .On  our  coast  recorded  from  Labrador  (Vetrill)  to  Beaufort,  H.  C. 

(Praaer).    {Cosmopolitan,  according  to  Hayer.J 

Rongt  of  doub^ul  extent. 

Tubularia  couthouyi Kobably  predominantly  northern. 

Tubularia docea Casco  Bay  (Hargitt)  to  Brooldyn,  N.  Y.  (Verrill),  and  perh^nto 

Charlesbm,  8.  C. 

Thus  ^x  tA  these  species  appear  to  be  predominantly  northern  in  their  range,  while 
only  three  are  known  to  have  a  range  which  is  predominantly  southern.  This  is  a 
condition  different  from  that  shown  by  the  local  representatives  of  most  of  the  phyla 
c^  animals,  which  as  a  rule  show  a  decidedly  southern  bias.  We  do  not  believe, 
however,  that  this  difference  has  any  special  significance,  particularly  dnce  the  propor- 
tion of  our  ccelenterates  which  are  common  to  Canadian  waters  is  no  greater  than  that 
for  the  fauna  at  Iai;ge. 

With  the  exception  of  the  two  cases  discussed  above  (Alcyonmm  and  Asbrangia), 
none  of  these  species  appears  to  be  distributed  in  relation  to  temperature  in  local  waters. 

In  the  foregoing  calculation  we  are  of  course  only  considering  a  few  of  the  com- 
monest bottom -dwelling  species.  Were  we  to  include  the  multitude  of  pelagic  forms 
(Medusa),  many  of  which  are  stragglers  borne  hither  by  the  Gulf  Stream,  it  is  probable 
that  the  ratio  of  northern  to  southern  forms  would  be  quite  different. 
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4.  PLATYHELMINTHES.  NEMATHELMINTHES.  ETC 

The  various  classes  of  "flat  worms"  are  represented  in  our  check  list  as  fellows: 
Turisellaria,  4o(+i?);  Trematoda,  52(+4?);  Cestoda,  7i{  +  3?);  Nemertinea,  25  (i?). 
Of  the  "roimd  worms"  there  are  14  Acanthocephala  and  2i{+5?)  Nematodes,  The 
anomalous  group  of  Chxtognatha  Is  represented  by  a  dngle  determined  spedes  of  Sagitta, 
though  there  may  be  one  or  more  undetermined  members  of  the  genus  in  local  waters. 
The  Dinophilea,  which  are  included  in  the  present  section  only  for  the  sake  of  conveo- 
ience,  appear  to  be  represented  by  at  least  three  species,  none  of  which,  however,  has 
been  observed  during  the  Survey  dredgings. 

Except  for  a  comparatively  small  number  of  nemerteans  (6  spedes),  no  representa- 
tives of  these  groups  of  "worms"  appear  in  the  dredging  records.  Certain  nemerteans 
are  abundant  locally  in  the  shallow  waters  near  shore,  where  they  live  under  stones  or 
burrow  in  the  mud  or  sand;  while  Turbellaria  of  a  considerable  number  of  spedes  are 
likewise  common  in  shallow  weedy  waters.  From  the  fragmentary  condition  of  all  the 
nemerteans  which  were  dredged  by  us  it  is  evident  that  the  apparatus  employed  was  ill- 
adapted  to  unearthing  deeply  burrowing  worms  such  as  these.  It  is  likely,  therefore, 
that  our  scanty  records  give  a  very  imperfect  idea  of  the  distribution  of  these  spedes 
throughout  the  area  dredged. 

It  was  accordingly  inevitable  that  the  greater  part  (rf  our  data  respecting  these 
groups  of  organisms  should  be  derived  from  previously  pubUshed  statements.  The 
records  for  the  Turbellaria  and  Nemertinea  are  based  chiefly  upon  the  works  of  Verril] 
and  of  Coe,  supplemented,  in  the  case  of  the  latter  group,  by  our  own  dredging  records 
and  by  a  set  of  manuscript  notes  kindly  furnished  by  Prof.  Coe."  The  records  for  the 
endbparasitic  worms  (trematodes,  cestodes,  nematodes,  and  Acanthocephala)  are  based 
for  the  most  part  upon  the  works  of  Prof.  Edwin  Linton,  who  for  many  years  has 
studied  our  local  fish  para^tes  on  behalf  of  the  Bureau  of  Fisheries.  To  these  published 
sources  of  information  we  must  add,  however,  some  valuable  unpublished  notes,  kindly 
put  at  our  disposal  by  Dr.  Linton. 

Acknowledgments  for  the  revi^on  of  those  portions  of  the  checklist  which  include 
these  groups  are  due  Prof.  Linton  and  Prof.  Coe.  To  Dr.  Coe  we  are  likewise  indebted 
for  the  identification  of  the  nemerteans  taken  during  the  Survey  dredging.  We  have 
thought  it  expedient  to  follow  Dr.  Linton  in  retaining  provisionally  in  thdr  earlier 
sense  certain  of  the  genera  (e.  g.,  Distomum),  which  have  been  greatly  subdivided  by 
some  recent  writers.  In  his  own  published  works,  Dr.  Linton  has  taken  occasion  fully 
to  acknowledge  the  invaluable  assistance  of  Mr.  Vinal  N.  Edwards,  who  collected  a  large 
part  of  the  material  described  by  him. 

Of  the  41  Turbellaria  comprised  in  our  catalogue,  9  were  listed  by  Verrill  in  the 
report  of  1873,  though  only  2  of  these  were  recorded  specifically  for  points  within  the 
fimits  of  our  region.  The  records  for  most  of  the  other  spedes  have  been  derived 
from  Prof.  Verrill's  later  writings  and  from  the  recent  report  of  von  Graff. 

The  number  of  Turbellaria  which  have  been  listed  from  Plymouth,  England,  is 
about  fifty  per  cent  greater  than  that  contained  in  our  catalogue,  and  so  far  as  is  apparent 
only  two  of  the  spedes  are  common  to, the  two  regions.  Herdman's  list  for  the  Irish 
Sea  contains  27  members  of  this  group. 

•TbeuSditioaalRotnbfdtTurbtlkriaajdUiiwdlaUwliniiDruat  taper  cf  too  Gnll  (isii)  havt  ■!*>  bcca  iiicarpimtcd 
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Of  the  26  nemerteans  of  our  catalogue,  7  appear  to  be  common  to  the  Canadian  list 
and  5  to  that  of  the  Plymouth  station.  The  former  list  comprises  2o(+ 1  ?)  species,  the 
latter  35.  Herdman  has  listed  34(4-3?)  species  for  the  Irish  Sea.  None  of  the  groups 
of  parasitic  worms  appear  to  have  been  catalogued  at  any  trf  these  other  stations. 

Under  the  circumstances  which  we  have  stated,  it  is  natural  that  few  generalized 
statements  can  be  made  regarding  the  distribution  of  these  groups  locally.  The  para- 
sites were  of  course  taken  from  the  fishes,  and  it  would  therefore  be  futile  in  most  cases 
to  state  specific  localities  for  these.  Only  such  species  have  been  listed,  however,  as 
are  believed  to  have  been  taken  from  fishes  captured  in  strictly  local  waters. 

Regarding  the  nemerteans,  it  may  be  said  that  in  18  out  of  the  21  occasions  upon 
which  these  worms  appear  in  the  dredging  lists  they  were  taken  in  Buzzards  Bay.  It 
is  quite  possible,  however,  that  these  forms  are  much  more  abundant  throughout  Vine- 
yard Sound  than  would  be  implied  by  these  records.  As  is  well  known,  many  of  the 
spedes  burrow  rather  deeply  into  the  shores  and  bottoms  which  they  frequent,  and  con- 
siderable dig^g  is  often  necessary  in  order  to  unearth  them.  Now,  the  soft  bottoms 
of  Buzzards  Bay  were  doubtless,  as  a  rule,  penetrated  more  deeply  by  the  dredge  than 
were  the  sandy  or  gravelly  bottoms  of  Vineyard  Sound. 

Of  the  six  determined  species  of  nemerteans  recorded  for  the  Survey  dredgings  not 
one  was  taken  with  sufficient  frequency  to  warrant  our  plotting  a  distribution  chart. 
The  species  of  most  frequent  occurrence  was  Cerebratulus  luridus,  which  was  recorded 
10  times,  though  some  of  these  records  are  regarded  as  doubtful.  This  spedes  was 
taken  throughout  the  lower  half  of  Buzzards  Bay. 

The  six  spedes  recorded  by  us  from  our  dredgings  are: 
Lineus  bicolor.  |  Cerebratulus  marginBttu. 

Uicnira  leidyi.  Cerebratulus  luridus. 

Cerebratulus  lacteus.  |  Amphiporus  ochraceus. 

5.  BRYOZOA. 
Of  the  Bryozoa,  76(  +  5?)  determined  spedes  are  recorded  for  the  Woods  Hole 
region  of  which  5  are  Endoprocta,  the  remainder  belonging  to  the  Ectoprocta.  These 
species  are  assigned  to  21  families  and  36(  +  i?)  genera.  Out  <rf  the  total  number  of 
species  recorded,  67  ( + 1  ?) ,  or  about  85  per  cent,  were  taken  during  our  own  dredging 
operations;  some  6  or  7  more  were  collected  by  other  means  during  the  progress  of  the 
Survey,  while  5  or  6  others  are  induded  wholly  upon  the  authorityof  ptfblished  statements. 
Several  new  spedes  have  t>een  encountered  during  the  Survey  dredging,  descriptions 
of  which  have  been  prepared  by  Dr.  Osbura;  while  about  45  spedes  have  been  added 
by  us  to  the  known  fauna  of  the  region.  This  latter  number  is  considerably  greater  than 
we  have  been  able  to  record  for  any  other  group  of  organisms,  a  fact  which  should  not 
surprise  us  when  we  recall  that  no  systematic  study  of  the  Bryozoa  had  been  made  in 
these  waters  within  the  past  30  years.  Indeed,  the  subject  has  remained  imtil  recently 
in  the  same  incomplete  and  rather  chaotic  condition  in  which  it  was  left  by  Verrill. 
One  of  the  authors  of  the  present  report  was  led  to  imdertake  the  determination  of  the 
spedes  collected  during  the  Survey  dredging.  This  was  found  to  necessitate  a  critical 
examination  of  the  literature  of  the  group  and  a  comprehenave  study  of  the  bryozoan 
fauna  of  our  Atlantic  coast,  the  results  of  which  have  recently  been  published." 

,:  Brvoioa  d  tbc  Woodi  Hole  redaiL    BulkUn  U,  S.  Buran  d  PUIierlc*,  tdL  ^b.  191a  (1911). 
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Desor,  in  1848,  described  two  specdes  of  Bryozoa  (Bitgitla  turrita  and  Membranipora 
tenuis)  whicb  were  collected  by  him  in  the  vicinity  of  Nantucket. 

Venill,  in  the  report  upon  the  invertebrates  of  Vinej'ard  Sound,  listed  33  species  <rf 
Bryozoa,  c&  which  27  determined  species  and  several  doubtful  ones  were  recorded  for 
specified  points  within  the  limits  of  the  Woods  Hole  region.  Only  one  of  our  local  species 
was  there  described  for  the  first  time.  In  subsequent  papers  Verrill  added  a  consider- 
able number  of  new  Bryozoa  to  the  fauna  of  the  deeper  waters  off  the  American  coast, 
but  not  more  than  5  of  these  last  fall  within  the  limits  embraced  by  the  present  report. 
Nickerson  (1898)  added  a  single  species  of  endoproct  {Loxosoma  davenporti)  to  our 
local  fauna,  this  being  first  described  from  specimens  taken  by  him  at  Cotuit  Harbor. 
So  far  as  we  know  this  is  the  only  addition  whicb  has  been  made  to  VerriU's  lists  cd 
Bryozoa  down  to  the  time  of  the  present  Survey, 

Wbiteaves  catalogues  1 15  species  of  Bryozoa  for  the  waters  of  eastern  Canada.  Of 
these  species,  45  ( +  2  ?) ,  or  about  40  per  cent,  have  been  recorded  from  the  Woods  Hole 
region.  On  the  other  hand,  these  47  species  which  are  common  to  the  two  lists 
constitute  nearly  60  per  cent  of  the  number  comprised  in  our  own  catalogue. 

The  Plymouth  list  records  the  occurrence  of  103(4-1?)  members  of  this  group,  a 
number  which  is  also  considerably  in  excess  of  that  recorded  for  the  Woods  Hole  region. 
About  30  per  cent  of  the  Plymouth  species  (about  40  per  cent,  therefore,  of  the  Woods 
Hole  species)  are  common  to  the  two  lists. 

Herdman  catalogues  136  spedes  of  Bryozoa  (along  with  many  varieties)  for  the 
Irish  Sea;  while  Graeffe  has  recorded  56  species  for  the  Gulf  of  Triest. 

It  is  scarcely  likely  that  these  figures  give  us  any  accurate  idea  of  the  relative  rep- 
resentation of  this  phylum  in  the  respective  areas  of  sea  bottom.  It  is  not  at  all  prob- 
able that  the  search  for  these  organisms  has  been  equally  exhaustive  at  the  various 
pcnnts  named,  and  it  is  certain  that  the  areas  explored  are  far  from  being  comparable  in 
magnitude  (see  p.  87).  We  may  assert  in  full  confidence  that  the  extension  <tf  our  own 
dredging  operations  to  the  50-fathom  line  would  have  very  greatly  increased  our  list  erf 
Bryozoa. 

The  average  number  of  species  per  dredge  haul  recorded  for  the  stations  <rf  the 
regular  series  was  2.9.  The  species  having  the  most  general  distribution  was  Buguia 
turrita,  which  was  present  at  255  (more  than  half)  of  the  dredging  stations.  Those 
which  were  encountered  so  frequently  as  to  be  taken  at  one-fourth  or  more  of  the  total 
number  oi  stations  are : 

Buguia  tuirita  (955  stations). 
Clisia  cbnmea  (loi  statkms). 
Scbiioporella  unicocnia  (197  stations). 
Smittia  trisfrinosa  nitida  (163  statiotis). 

Representatives  of  this  group  are  to  be  found  attached  to  almost  every  sort  of  solid 
object  within  the  waters  of  our  region.  Upon  stones  and  shells  they  form  calcareous 
incrustations,  which  may  be  white,  gray,  yellow,  or  red  in  color,  and  are  often  many 
layers  in  thickness.  Such  are  Smiliia  trisfnnosa  nitida  and  various  species  of  Sckizopo- 
reUa,  Membranipora,  and  Lepralia. 

Other  calcareous  forms  {Cellepora  americana,  Schizoporella  unicornis,  and  S.  biaperta) 
give  rise  to  coral-like  nodules  or  foliaceous  expansions  upon  Hydrozoa,  algae,  or  other 
Bryozoa.     Erect,  hydroid-like  colonies,  such  as  those  of  Buguia,  Biceiiaria,  or  Crista, 
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attach  themselves  to  various  other  fixed  organisms,  or  directly  to  piles  or  stoaes.  Flus- 
Irella  hispida  forms  a  thick  matting  over  the  rockweed  along  shore,  and  several  species 
may  be  found  upon  active  living  animals,  such  as  crabs.  One,  indeed,  makes  its  home 
in  the  gill  chamber  of  the  blue  crab  {CaUinedes  saptdus).  Various  minute  Biyozoa  may 
readily  be  mistaken  for  hydroids,  or  may  be  overlooked  altogether.  Thus  there  is  little 
doubt  that  many  such  forms  escaped  the  collectors  entirely  during  the  earlier  dredging 
work  of  the  survey.  With  some  few  exceptions,  the  incrusting  species  are  the  ones 
which  figure  most  prominently  in  the  dredging  records,  colonies  of  this  sort  seldom  being 
absent  from  stones  or  shells.  Owing  to  the  superficial  similarity  of  several  quite  dis- 
tinct species  of  incrusting  Bryozoa,  it  was  our  practice  throughout  the  dredging  work  to 
save  for  preservation  samples  of  even  the  commonest  species  from  every  dredge  haul  in 
which  they  occurred.  Only  three  species  of  Bryozoa  {Bwgula  twrita,  Crisia  ebwnea, 
and  Ceilepora  americana)  were  regularly  identified  by  the  collectors  in  the  field,  and  there 
seems  to  be  little  probability  that  these  were  confused  with  any  less  familiar  forms. 
All  other  species,  so  far  as  detected,  were  preserved  for  future  examination.  These  were 
later  identified  by  Dr.  Osbum,  who  is  likewise  responsible  for  the  classification  here 
adopted. 

Charts  (37-46)  have  been  prepared  showing  the  distribution  of  those  species  which 
were  recorded  from  10  or  more  of  the  dredging  stations."  Two  of  these  species,  Lepralia 
americana  and  L.  paiiasiana,  were  confused  in  the  earlier  dredging  records  to  such  an 
extent  that  it  has  been  thought  best  to  plot  their  combined  distributions  upon  a  single 
chart.     Thus  there  are  only  ao  charts  for  these  21  species. 

I,ess  of  general  interest  Is  to  be  gathered  from  the  local  distribution  of  the  Bryozoa 
than  from  that  <A  many  other  groups  which  we  have  considered.  Only  two  distinct 
types  of  distribution  are  to  be  found  among  those  forms  which  have  been  dredged  with 
any  frequency  in  local  waters.  We  have  (i)  spedes  whose  distribution  is  general,  or 
without  any  definite  restrictions  throughout  Vineyard  Sound  and  Buzzards  Bay;  and 
(2)  species  found  wholly,  or  at  least  predominantly,  in  Vineyard  Soimd.  Not  a  single 
species  has  been  found  which  appears  to  be  restricted  in  any  degree  to  the  Bay.  Thus 
the  phylunj  has  a  considerably  greater  representation  in  the  Sound  than  in  the  Bay. 
The  average  number  of  species  taken  per  dredge  haul  ^  may  be  tabulated  as  follows: 
Vineyard  Sound: 

Pish  Hank  stations 3.4 

Phalarope  stations 3.0 

Buzzards  Bay: 

Fish  Hanlc  stations 3.7 

Phalarope  stations a.  o 

The  average  number  of  species  for  the  Crab  Ledge  stations  would  doubtless  greatly 
exceed  any  of  these  figures,  but  unfortunately  the  data  are  not  available. 

It  is  highly  probable  that  the  character  of  the  bottom  has  been  the  chief  factor  in 
determining  the  results  here  tabulated,  just  as  in  the  case  of  the  Ilydrozoa.  Reference 
to  the  table  oti  page  79  shows  that  the  average  number  of  species  per  dredge  haul  for 

•  lucludinf  the  lupplcmaitary  Btatiou  of  1906-1909.  lor  the  ovne  rauoq  u  Alrokdy  ■tAtrd  in  the  case  ol  the  PonminUcIA 

^  tht  tvUiiul  itAtiDai  only.    Were  thciupplemcatarvdredguiES  tabettHuidotd  in  tbltonnputAtion.  it  la  likely 
lor  Bmnnli  Bay  wank]  be  KHimrtut  (Ttattr.  Uuxiih  it  b  qiiltt  improbable  that  tbcy  muld  eqtui  Uu*e  hr 
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gravelly  and  stony  bottoms  is  3.7,  that  for  sandy  bottoms  being  3.8,  and  that  for  muddy 
bottoms  being  2.0. 

The  same  fact  is  shown  by  an  enumeration  of  those  species  which  were  taken  at 
one-half  or  more  of  the  dredging  stations  on  each  type  of  bottom.  Four  species  {Crista 
dnamea,  Buguta  turrita,  Schizoporella  unicomic,  and  Smittia  irispinosa  niluta)  are  recorded 
as  present  in  more  than  half  of  the  dredge  hauls  made  upon  gravelly  or  stony  bottoms;  a 
angle  species  {Bugvla  turrild)  is  listed  for  as  great  a  proportion  of  the  dredge  hauls  upon 
sandy  bottoms;  while  not  a  single  species  was  found  with  sufficient  frequency  upon 
muddy  bottoms  to  appear  in  this  list." 

It  is  obvious,  however,  that  no  such  bare  characterization  of  the  tj^  of  bottom 
properly  describes  the  habitat  of  a  fixed  organism  which  depends  for  support  upon  the 
presence  of  some  sohd  substratum.  Now  various  solid  objects,  organic  and  inorganic, 
are  commonly  present,  even  upon  bottoms  of  practically  pure  sand,  and  such  objects 
frequently  furnish  attachment  for  Bryozoa.  Even  soft  mud  commonly  contains  dead 
shells  or  fragments  of  these,  and  some  typical  fixed  organisms,  such  as  the  coral  Astrangm 
and  the  serpulid  worm,  Hydroides,  are  consequently  of  frequent  occurrence  upon  muddy 
bottoms.  We  believe,  nevertheless,  that  the  comparative  paucity  of  Bryozoa  upon 
such  bottoms  is  due  in  part  to  the  scarcity  of  suitable  objects  for  attachment.  Thus 
the  relative  infrequency  of  Cellepora  americana  and  Hippothoa  hyaiina  in  Buzzards 
Bay  is  probably  correlated  with  the  scarcity  of  hydroids  and  alg£.  On  the  other  hand, 
it  seems  probable  that  the  continued  deposition  of  silt  is  unfavorable  to  the  growth  of 
many  forms,  even  though  a  suitable  basis  of  support  be  present. 

Grouping  those  species  which  have  been  charted  by  us,  according  to  whether  their 
distribution  is  general  or  restricted,  we  may  arrange  them  provisionally  under  two 
beads.  In  making  this  classification,  the  greater  absolute  number  of  dredging  stations 
in  Vineyard  Sound  must  be  taken  into  account. 

Sptciet  having  a  general  or  unreitricted  distribution  in  local  waUri. 
Schizoporella  biaperta. 
Lcpralia  americaua+palla: 
Lepra! ia  pertusa. 
?UeiiibTaiiiporB  pitosa.  Smittia  trispinosa  nitida. 

Hembranipora  aurita.  Hippur 

Schizoporella  unicornis. 

Thus  the  majority  of  our  commoner  species  do  not  appear  to  show  any  marked  pref- 
erence for  one  or  the  other  body  of  water.  One  of  the  foregoing  species  (Membranipora 
pilosa)  appears,  however,  to  display  an  avoidance  of  the  more  central  regions  of  the 
Bay.     In  the  above  list  it  will  be  seen  that  both  erect  and  incrusting  forms  are  included. 

Speciet  ttsiricUd  wholly  or  mainly  to  Vineyard  Sound. 

Nnmba  o<  (Utlau. 

Bicellaria  ciliata 16  Soimd+  3  Bay. 

Hembranipora  tenuis 59Sound+i7  Bay. 

Hembfanipora  flemingii la  Sotind+  o  Bay. 

Cribrilina  punctata la  Sound+  o  Bay. 

Hippothoa hyalioa a6Sound+  7  Bay. 

Cellepoca  americana 66Souud+i3  Bay. 

•  Ilnmt  bc*dd(d.lKnic<rer,  that  tlieli3U{pi>.  7e.Ti  ibore)  ol  (pedes  presntt  in  omtfimilk  a  man  ol  Uw  dicdce  brali 
■poa  tbcse  remcctin  tsrps  ol  botton  cooiprisc  aboat  eqoaJ  nundxn  gf  BryoKA. 
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At  least  two  of  the  foregoing  species  (Membranipora  tenuis  and  Hippothoa  hyalina) , 
while  occurring  with  some  frequency  in  the  Bay,  are  restricted  for  the  most  part  to  the 
neighborhood  of  land. 

The  preponderance  of  some  of  these  forms  in  the  Vineyard  Sound  records  is  prob- 
ably due  in  part  to  the  relative  imperfection  of  our  data  for  Bryozoa  from  Buzzards 
Bay.  Supplementary  dredgiags  in  the  Bay,  during  the  summer  of  1909,  revealed  the 
presence  of  a  number  of  species  not  hitherto  found  there,  and  indicated  that  certain 
others  were  not  so  scarce  in  this  body  of  water  as  had  t>eea  supposed.  Indeed,  it  has 
been  necessary  to  remove  certain  species  from  this  second  list  which  had  earlier  been 
placed  there.  Concerning  the  following  species  it  is  not  believed  that  we  have  suffident 
data  to  warrant  any  conclusions  as  to  their  relative  abundance  in  the  Bay  and  the  Sound : 

Tubulipora  liliacea. 

Hembranipora  monostachys. 

Bowerbankia  gracilis. 

As  a  matter  of  fact  all  three  of  these  spedes  are  recorded  from  an  absolutely  greater 
number  of  stations  in  the  Sound  than  in  the  Bay.  One  of  them  {Mentbranipora  mono- 
slackys)  has  t>een  recorded  in  the  latter  only  from  the  stations  near  land. 

Aside  from  the  few  cases  mentioned,  in  which  the  occurrence  of  certain  species  in 
the  Bay  is  limited  to  the  inshore  waters,  there  is  nothing  in  the  distribution  of  any  of 
the  spedes,  so  far  as  shown  by  the  charts,  which  can  be  regarded  as  in  any  sense  "bathy- 
metric."  Certain  species  which  do  not  appear  in  our  distribution  charts,  however,  are 
restricted  to  shallow  waters,  or  to  the  immediate  ndghborhood  of  land,  and  indeed  may 
find  thdr  proper  habitat  in  the  littoral  or  intertidal  zone.  The  most  familiar  instance  of 
the  last  sort  is  the  abundant  Fluslrella  hispida,  which  occurs  in  great  profusion  upon  the 
rockweeds,  Fucus  and  Ascophyllum.  Certain  other  spedes,  likewise,  such  as  EucraUa 
chelala,  Amathia  dichotoma,  and  Bu^a  flabellata,  have  seldom  been  encountered  by  us 
except  upon  piles.  Another  spedes,  Membranipora  lehuelcha,  has  only  been  noted  upon 
the  Boating  gulfweed,  with  which  it  is  borne  passively  to  our  waters.  This,  like  so  many 
other  spedes  having  the  same  habitat,  is  a  southern  form  which  does  not  properly 
belong  to  our  local  fauna. 

Not  a  single  instance  has  been  found  among  our  dredging  records  <A  a  spedes  of 
this  group  whose  distribution  in  Vineyard  Sound  and  Buzzards  Bay  appears  to  be 
determined  by  temperature.  There  dwdl,  however,  within  the  outlying  colder  waters 
of  the  region  considered  by  us,  a  condderable  number  of  spedes,  most  of  which  repre- 
sent a  strictly  northern  famia,  and  many  of  which,  indeed,  find  in  Woods  Hole  or  vidnity 
their  southern  limit  of  distribution.  A  number  of  these  have  not  previously  been  re- 
corded south  of  Canada.  A  list  of  those  spedes  is  presented,  herewith,  which  have  been 
taken  by  us  at  Crab  Ledge  or  in  the  vidnity  of  Nantucket,  but  not  within  Vineyard 
Sound  or  Buzzards  Bay.  Data  are  induded  respecting  thdr  distribution  as  heretofore 
known. 

Crisia  cribraria Canada. 

Stomatopora  diastoporoides British  Isles,  Baffins  Bay,  Gulf  of  St.  I.,awreiice. 

Tubulipora  atlantica North  Atlantic  from  Labiador  to  Florida;  Australia. 

Tubulipora  flabellaris ,  .Northern  Atlantic  and  Arctic  seas;  Greenland,  Gulf  of  St.  Lawrence, 

Grand  Manan;  Mediterranean? 
Gemellaria  loricata Northern  Atlantic  and  Arctic  seas:  Labrador,  St.  Georges  Banks,  Gnod 
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Scruparia  clavata British  Isles,  Gulf  of  St.  Lawrence. 

Cellulaiia  peachii Northern  Atlantic  and  Arctic  seas;  I,abrad<w,  Gulf  of  St.  Lawrence,  St. 

Georges  Banks. 
Henipea  tenwta Northern  Atlantic  and  Arctic  seas;  Labrador,  Gulf  of  St.  Lawrence, 

Grand  Manan. 
Caberia  ellisii Northern  Atlantic  and  Arctic  seas;  Greenland,  Labrador,  Gulf  of  St. 

Lawrence,  Maine. 

Bugula  cucullifera Maine,  off  Cape  Cod. 

Bugulamurrayana Northern  Atlantic  and  Arctic  seas;  Greenland,  Labrador,  Gulf  of  St. 

Lawrence,  New  England. 

Henibranipora  cymb^onnis Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence. 

Menibranipora  craticula Northern  Atlantic  and  Arctic  seas,  Davis  Strait,  Gulf  of  St.  Lawrence. 

HembranipoiB  unicornis Northern  Atlantic  and  Arctic  seas;  Greenland,  Gulf  of  St.  Lawrence, 

North  Pacific. 

Henibranipora  arctica 

Cribrilina  annulata "Eminently  a  northern  form;"  Spitibergen,  Greenland,  Labrador, 

Gulf  of  St.  Lawrence,  Grand  Manan. 

Porina  tubulosa Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lftwrence. 

SchizoporellB  auriculata Red  and  Mediterranean  Seas  to  Arctic  Ocean;  Gulf  of  St.  Lawrence. 

Schizoporclla  sinuosa Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence. 

Celleporacanaliculata GtdfofSt.  Lawrence;  oH  Halifax. 

Mnoonella  pavonella NoTthem  Atlantic  and  Arctic  seas.  Gulf  of  St  Lawrence,  North  Pacific. 

Smittia  porif era North  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence,  Florida,  South 

Africa,  Australia. 

Fofclla  propinqua Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  I,awrence,  Davis  Strait. 

Porella  acutiitistris Northern  Atlantic  and  Arctic  seas;  Gulf  of  St.  Lawrence. 

Porella  concinna Arctic  seas  to  Mediterranean;  Greenland,  Gulf  of  St.  Lawrence. 

Rhamphoatomella  costata Northern  Atlanticand  Arcticseas;  Gulf  of  St.  Lawrence. 

Alcyonidium  parasiticum British  Isles. 

The  following  notes  have  been  furnished  by  Dr.  Osbum  relative  to  differences  of 
habitat  displayed  by  different  members  of  the  same  genus: 

Criua. 

C.  ebumea:  Our  most  familiar  species;  abundant  in  shallow  waters,  but  extending  to  the  deepest 
waters  of  the  region. 

C.  cribraria:  Found  only  in  the  outside,  colder  waters. 
Bugida. 

B.  turrita:  Abundant  under  all  conditions  in  the  inner  waters;  less  common  in  the  cold  waters  off 
shore,  e.  g.,  at  Crab  Ledge. 

B.  flabellata:  On  piles  and  in  shallower  waters  down  to  a  few  fathoms;  almost  wholly  confined  to 
adlittoral  zone. 

B.  mutrayana;  Abundant  in  outer  waters  on  stones  and  shells;  not  found  in  inner  waters. 
Ifembranipora. 

M.  cymbsTormis:  Common  upoti  hydniid  and  other  stems  in  outside  waters. 

H.  pilosa:  Common  throughout  our  waters  on  shells  and  algEe;^  differing  in  the  form  of  the  zooecia, 
according  to  substratum  occupied. 

H.  unicornis;  On  stones  and  shells  in  outer  waters. 

M.  monostachys:  Throughout  our  waters;  common,  tisually  upon  very  smooth  surfaces,  such  as 
insideofshells,  on  skate  eggs,  carapaceofLimulus,  etc.  It  presents  diSerencesof  form,  accord- 
ing to  whether  it  grows  in  inner  or  outer  waters, 

H.  tenuis:  Common  upon  stones  and  shells,  but  not  in  shallow  waters  near  shore. 

H.  flemingii:  (Much  as  last). 

U.  aurita:  Common  on  stones,  shells,  and  alge,  at  all  depths. 

U.  tchuetcha:  Only  found  upon  drifting  gulfweed. 
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Cribrilina. 

C.  panctata:  Common  is  Vineyard  Sound  and  outer  mten,  on  stonca  and  shells. 
C.  annulata:  Only  in  outer,  colder  waters. 
Scfaizoporella. 

S.  unicornis:    Everywhere,  forming  massive  colouiea;  less  frequent  in  outside  waters. 

S.  biaperta:  Throughout  our  waters,  forming  flat  colonies  on  stones  and  shells,  or  (more  frequently) 

forming  fanlike  expansions  on  alg«,  etc. 
8.  auriculata:  Only  in  outside  waters. 
8.  sinnosa:  Only  in  outside  waters. 
Hippothoa. 

H.  hyalina:  Of  general  distribution  on  algte,  shells,  stones,  etc.;  best  developed  on  stemsoC  alge 

and  hydioids,  where  it  forms  nodular  crusts. 
H.  divaricata:  Locally,  not  at  all  common  and  found  only  in  the  outer  waters,  though  not  else- 
^crc  restricted  by  temperature. 
I.epralia. 

L.  Bmencana:  Throughout  our  waters  on  stones  and  ^ells,  especially  in  deeper  waters. 

L.  pallasiana:  On  stones,  shells,  piles,  and  eel  grass;  of  general  occurrence,  but  more  frequent  in 

shallow  waters. 
L.  pertusa:  Of  general  distribution;  most  common  on  diells  and  pebbles. 
Uucronella. 

H.  peachii:  Occasional  in  Sound  and  in  outside  waters,  forming  fiat  crusts  on  stones  and  shells. 
H.  pavonella:  In  out^de  waters  only,  forming  fiat  colonies  upon  stones  and  shells,  or  rising  into  fan- 
n  stems  of  hydroids,  etc. 


S.  trispinosa  nitida:  Of  very  general  occurrence,  growiag  upon  all  sorts  of  objects,  and  forming 
masdve  nodular  crusts  on  stones  and  shells. 


S.  porifera:  In  outer  waters,  on  stones  and  shells;  smaller  colonic  sometimes  taken  in  inner  waters. 
Cellepora. 

C.  americana:  Of  general  distribution  on  stems  of  hydroids  or  algse,  forming  nodules  or  irregular 

C.  canaliculata:  In  outside  waters,  fanning  rounded,  pisiform  colonies  on  stems  of  hydroids,  etc. 
Alcyonidium. 

A.  venilli:  Western  end  of  Vineyard  Sound;  erect  and  branching. 

A.  parasiticum:  In  outside  waters,  incrusting  stems  and  stones;  argillaceous  matter  combined  in 


A.  mytili:  In  various  situations  in  inside  waters,  incrusting,  not  argillaceous. 
Bowerbankia. 

B,  gracilis  and  its  variety  caudata:  Creeping  oyer  stems  ol  other  organisms,  orupon  piles;  occurring 

together. 
Hippuraria. 

H.  armata:  Of  general  occurrence:  creeping  upon  stems,  etc.,  or  erect. 
H.  elongata :  Commensal  in  branchial  chamber  or  on  carapace  of  crustacea. 

The  following  list  comprises  the  Bryozoa  collected  by  us  in  the  course  of  the  Survey 
dred^ng.  A  considerable  number  of  these  species  were  not  taken,  however,  at  any  of  the 
regular  (numbered)  stations,  and  a  good  many  have  been  recorded  only  from  outlying 
points,  such  as  Crab  Ledge  or  the  shoals  to  the  east  of  Nantucket.  Those  species  which 
were  taken  at  lo  or  more  of  the  stations  in  Vineyard  Sound  and  Buzzards  Bay  are,  as 
usual,  designated  by  an  asterisk. 

Pedicellina  cemua.  *TubuIipora  liliacea  (chart  aS). 

Barentsia  major,  Tubulipora  atlantica. 

Barentua  disctcta.  Tubulipora  flabellaris. 

*Crisia  ebumea  (chart  37).  Stomatopora  diastoponides. 

Crisia  cribraria.  Lichenopora  verrucaria. 
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'.^tea  BnguinB  (chart  ag). 
Gemellaria  loricata. 
Scruparia  clavata. 
Cellularia  peachii. 
Uenipea  ternata. 
Scmpocellaria  acabra. 


Schizoporella  auriculata. 

Schizoporella  siauosa. 
'Hippothoa  hyalina  (chart  40). 

Hippothoa  divaricata. 
*Cellepora  anencana  (chart  41 ). 

Cellepcmt  canaliculata. 
*Lcpralia  americaua  (chart  43). 
'Leptalia  pallasiana  (chart  4a). 
'I^pralia  pertusa  (chart  43)- 

Mucnmella  ventricosa. 

Hucronella  peachii. 

Mucronella  pavonella. 

Smittia  trispinoea. 
*&iiittia  trispinosa  nitida  (chart  44). 

Sniittia  porifera. 

Pore)  la  propinqua. 

I^nclla  acutirostiis. 

Fdrella  concinna. 

Rirella  proboscidea. 

Rhamphostomella  bilamiflata. 

Rhampbostomella  coatata. 

Bhamphoatotnella  ovata. 

Alcyonidium  verrilU. 

Alcyonidium  paradticum. 

Alcyonidium  mytili. 
'Bowerbankia  gracilis  (chart45). 

Bowerbankia  gracilis  caudata. 

Anguinella  palmata. 
"Hippiuana  armata  (chart  46). 


"Bicellaria  ciliata  (chart  30), 
*Bugula  tunita  (chart  31). 

Bt^ula  gracilis  uncinata. 

Bu^ula  cuci^llifera. 

Bugula  f  abellata. 

Bugula  muirayana. 

Heinbrampora  cymbEefonnis. 
*Ueinbranipora  pilosa  (chart  3a). 

Membranipora  ccaticula. 

Uembranipora  lineata. 

Hembranipora  imicomia. 
"Membranipora  monostachya  (chart  33). 
'Membranipora  tenuis  (chart  34). 
•Membranipora  flAminf^  (chart  35)* 
•Membranipoia  aiirita  (chart  36). 

Hembranipora  arctica. 

Hembranipora  arctica  armifera. 
*Cribrilina  punctata  (chart  37). 

Qibrilina  annulata. 

Porina  tubuloea. 

Uicioporella  ciliata. 

Hicroporella  ciliata  atellata. 
'Schizoporella  unicornis  (chart  38). 
"Schizoporella  biaperta  (chart  39). 

Referring  to  the  31  commoner  species,  it  has  not  been  found  posable  to  distinguish 
the  majority  of  them,  according  to  their  range,  as  predominantly  northern  or  southern. 
This  results  partly  from  the  fact  that  so  many  of  the  Bryozoa  are  surpri^gly  cosmo- 
politan in  their  distribution,  partly  from  the  fact  that  our  knowledge  of  their  distribu- 
tion in  American  waters  is  so  meager.  In  a  condderable  number  of  instances  it  would 
appear  from  the  few  American  records  at  our  disposal  that  a  species  was  predominantly 
northern  or  southern  in  its  distribution,  when  reference  to  foreign  records  shows  that 
such  is  not  the  case.  Even  those  few  species  which  we  have  here  distinguished  as  pre- 
dominantly northward  or  southward  ranging  are  so  designated  in  a  purely  tentative  way. 
Pndominanity  norAttn. 

Tubulipora  litiacea lAbrador  to  Long  Island  Sound. 

BiccUaria  ciliata Northward  on  our  coast  to  the  Gulf  of  St.  Lawrence. 

Hembranipora  flemingii Greenland  to  Vineyard  Sound  (recorded  from  Adriatic). 

Oibrilina  punctata Northward  on  otir  coast  to  GiUT  of  St.  Lawrence. 

Pndominantly  sotUhtm. 

Bugnlatuirita Casco  Bay  to  Florida. 

Uembranipora  monostachys Nantucket  Sound  to  Beaufort.  N.  C 

Uembranipora  tenuis Same  as  last. 

Hippuraria  armata Same  as  last 

Three  of  the  four  last  named  species  are  ones  which  have  only  been  listed  from 
American  waters. 
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0/"  very  -wide  range  in  both  direeUons. 

Crisis  ebumea Labrador  to  Florida  (cosmopaliun). 

£tea  anguina Cosmopolitan;  upon  our  coast  recorded  from  points  as  far  south  as  Beau- 
tort,  N.  C. 

Hembraiiipora  pilosa Greenland  to  Beaufort,  N.  C.  (cosmopolitan). 

Schizoporella  unicornis Greenland  to  Florida  (Europe  and  Africa). 

Schizoporella  biaperta Greenland  to  Florida  (Spitsbergen,  Algiers,  etc.). 

Hippothoa  b]ralina Greenland  to  Florida  (cosmopolitan). 

Lepralia  pertusa Greenland  to  Florida  (cosmopolitan). 

Position  doubtful,  oviing  to  ituvfficiency  of  data. 

Membranipora  aurita Not  previously  recorded  from  America. 

Celleporaamericana (?) 

Lepralia  pallasiana Perhaps  northern. 

I^prolia  americana Known  only  from  a  small  section  of  our  coast. 

Smittia  trr^inoaa  nitida Known  from  only  a  small  sectionof  our  coast  (also  Australia). 

Bowerbanlda  gracilis  caudata  . .  Known  only  from  a  small  section  of  our  coast. 

Thus  a  considerable  majority  of  these  spedes  have  either  an  almost  unrestricted 
range  in  latitude,  or  a  range  of  doubtful  extent.  Four  fiave  been  dassSed  as  predomi- 
nantly northern  and  an  equal  number  as  predominantly  southern.  If,  however,  our 
calculations  had  been  based  upon  the  entire  list  of  local  Bryozoa,  including  the  many 
spedes  (p.  io6,  107)  which  were  Usted  only  from  outlying  pcnnts,  we  should  have  been 
led  to  regard  our  bryozoan  fauna  as  being,  on  the  whole,  preponderatingly  northern  in 
its  character. 

&  ECHlNOEeRMATA. 

This  phylum  is  represented  in  local  waters  by  only  24(+i?)  known  species.  Of 
these,  6  belong  to  the  Asteroidea,  6  to  the  Ophiuroidea,  4  to  the  Echincudea,  and  8  ( + 1  ?) 
to  the  Holothuroidea.  Eighteen  of  these  spedes  appear  in  the  dredg^g  records  of  the 
Survey,'  as  follows:  Asteroidea,  6;  Ophiuroidea,  5;  Echintudea,  3;  Holothuroidea,  4. 
Data  relating  to  several  other  spedes  have,  however,  been  furnished  by  various  of  our 
Woods  Hole  collectors.  The  other  records  for  local  echinoderms  are  based  m^nly  upon 
the  published  statements  of  Verrill  and  of  H.  L.  Clark.  In  the  dasdfication  adopted 
by  us  we  have  followed  Dr.  Gaik.  To  this  authority  we  are  indebted  for  the  identifi- 
cation oi  many  specimens,  as  well  as  for  the  critidsm  of  those  portions  of  our  manu- 
script which  relate  to  the  Bchinodermata. 

Verrill  and  Spiith  (1S73)  Usted  19  spedes  of  echinoderms  for  Vineyard  Sotmd  and 
adjacent  waters.  Among  these  were  comprised  5  spedes  bdonging  to  the  Asteroidea,* 
4  to  the  Ophiuroidea,  4  to  the  Echinoidea,  and  6  to  the  Holothuroidea.  To  these  must 
be  added  i  holothurian  (Moipadia  oolilica),  which  was  induded  doubtfully,  and  i 
ophiuran  {Amphiura  abdiia),  which  was  reported  by  Verrill  only  from  Long  Idand 
Sound,  but  wUch  has  since  been  found  in  Vineyard  Sound  and  Buzzards  Bay.  Disre- 
garding the  holothurian  just  mentioned,  all  of  the  spedes  listed  by  Verrill  for  these 
waters  have  been  taken  by  subsequent  collectors. 

Except  in  one  questionable  case,  our  dredging  operations  have  added  no  spedes 
to  the  known  fauna  of  the  region.     This  exception  is  the  brittle  star  just  referred 

oOnc  of  that,  it  itltati"Ailrriat  iireiucafaStimp«n").iiiu>t  mm  rmrdcd  u  ■  diitiiul ipedc*.  butii.  u  VsrlU him- 
kU  tboucht  likely,  idcDtical  with  A.  farbfii.    The  ntnic  "(rnn  SUrlisb."  by  which  Varill  npaUdly  rcfsi  to  thli  ipcdc*. 
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to  (AmfMoplus  abdiia  (Verrill)),  which  was  taken  at  about  the  same  time  by  Mr.  G.  M. 
Gray  and  by  our  own  collectors  on  the  Fish  Hawk,  and  has  ance  been  dredged  by  us 
on  several  occasons."  It  appears,  indeed,  that  this  species  is  not  uncommon  in  local 
waters,  and  the  same  has  proved  to  be  true  of  the  holothurian  Caudina  arenala,  which 
was  previously  regarded  as  very  rare  locally. 

Reference  to  the  comparative  table  on  page  88  shows  that  the  phylum  of  Echino- 
dennata  is  very  poorly  represented  in  the  Woods  Hole  region,  as  compared  with  each  of 
the  other  locaUties  which  have  been  considered.  For  the  phylum  as  a  whole  we  have 
the  following  figures :  Woods  Hole,  34(+i^);  Eastern  Canada,  71;  Plymouth,  36;  Irish 
Sea.  35;  Triest,37- 

In  the  case  of  the  Asteroidea  and  Ophiuroidea  in  particular,  these  figures  are  uni- 
formly higher  for  the  other  stations  than  for  Woods  Hole.  Again,  our  own  list  is  the 
only  (me  among  them  which  is  completely  lacking  in  crinoids,  for  even  AnUdon  has  not 
thus  far  been  met  with  In  our  waters. 

Fourteen  of  our  24  ecbinoderms  are  common  to  Whiteaves's  list  for  eastern  Canada, 
while  only  2  (perhaps  only  1)  are  common  to  the  Plymouth  list. 

In  makiDg  any  comparisons  between  these  faunal  lists,  the  usual  allowance  must  be 
made  for  the  widely  different  areas  to  which  they  relate,  as  well  as  to  the  widely  different 
ranges  in  depth.  Comparisons  with  Plymouth  or  with  Trieste  appear  to  be  much  fairer 
than  with  either  of  the  other  regions,  so  far  as  area  is  concerned. 

The  average  number  (A  species  of  echinoderms  dredged  at  the  458  regular  stations 
otf  the  Survey  was  i  .9.  The  species  which  was  encountered  with  greatest  frequency  was 
Asierias  forbesi,  which  was  recorded  from  206  of  the  stations.  The  only  ones  which 
were  recorded  from  as  many  as  one-fourth  of  the  total  number  <rf  stations  are : 

Nuiaber  i4  atAtkos. 

Aaterias  forbesi 906 

T^MTiaraphfiHi^  pflrmii    ,. ,. ....,-.<...........-....-....- ,.-..,.    170 

Arbacia  punctulata 156 

Henricia  sanguinolenta 118 

Owing  to  the  comparatively  large  dze  of  most  members  of  this  phylum,  and  to  the 
very  limited  number  of  species  which  occur  in  local  waters,  it  seems  hkely  that  our  list 
of  echinoderms  is  particularly  complete.  If  additions  are  made  subsequently,  it  will 
probably  be  among  the  ophiuroids  and  the  holothurians,  some  of  which  are  of  small 
aze  and  pven  to  burrowing  or  to  concealment  in  crevices  of  stones,  etc.  It  is  likely,  too, 
that  our  dredging  records  for  this  group  are  fairiy  free  from  errors  of  omission  or  con- 
fusion of  one  species  with  another.  Reference  should  be  made,  however,  to  certain 
nustakes  of  identification,  which  we  believe  to  have  been  made  at  first. 

(i)  It  is  probable  that  during  the  early  days  of  the  work  the  younger  specimens  of 
Asterias  vulgaris  and  A.  jorbesi  were  sometimes  confused  in  the  field.  So  far  as  this  con- 
'  fuaon  may  relate  to  Vineyard  Sound,  the  results  can  not  be  serious,  since  our  later  and 
more  accurate  exploration  of  the  Sound  has  shown  that  both  species  occur  throughout 
practically  its  entire  length.  As  regards  Buzzards  Bay,  specimens  of  Asterias  vulgaris 
were  recorded  from  five  stations  within  its  interior,  which  it  has  been  decided  to  leave  out 
<rf  conaderation  in  plotting  the  distribution  chart  for  this  spedes.     The  records  have, 

■  S«c  Ouk,  io  Sdcan,  Jan.  14.  190S.  uid  SiunoR.  in  Amninn  NatunUtt,  Miy.  iiioS.    Acomliiig  tu  Di.  Cluk,  Mr.  Gray'i 
^vdmoiwBB  takoi  in  Au^Eut.  1907  (cuct  dalcnol  sUt^)-    Our  own  fiist  specimen  vas  dndctd  Da  AuB.O-  io».    Here.  then. 
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however,  been  retained  in  the  list  of  stations  for  this  starfish,  as  given  in  our  catalogue, 
though  their  doubtful  nature  has  been  indicated.  Supplementary  dredgings  were 
made  in  Buzzards  Bay  during  two  subsequent  seasons,  partly  for  the  purpose  of 
testing  this  feature  in  the  distribution  of  Asterias  vulgaris.  Out  of  a  total  trf  nearly 
60  stations,  starfishes  of  this  genus  were  recorded  for  11.  These  were  in  all  cases 
as^gnable  to  Aslerias  forbesi,  with  the  exception  of  a  few  small  specimens  of  A. 
vulgaris  taken  at  two  stations  situated  near  the  island  shores  and  not  far  from  the 
mouth  of  the  Bay.  Accordingly  we  regard  the  occurrence  of  the  latter  species  in  the 
interior  portions  ctf  Buzzards  Bay  as  being  extremely  doubtful. 

(2)  Doubt  has  been  cast  upon  our  earliest  field  identifications  of  the  ophiuroids. 
For  this  reason,  it  has  been  regarded  as  fairer  to  bring  t<^ether  the  records  for  ttie  first 
]rear,  except  such  as  are  based  upon  authoritative  determinations,  under  the  heading 
"ophiuroids  unidentified."  Such  specimens  were  probably  in  most  cases  referable  to  the 
species  Ampkipholis  squamata. 

Distribution  charts  have  been  plotted  for  seven  species  of  echinoderms  (charts 
47  to  53) ."  It  will  be  seen  at  a  glance  that  only  two  of  these  species  {Aslerias  forbesi  and 
Arbacia  puncluiata)  were  encountered  with  any  frequency  in  Buzzards  Bay,  while  of 
these  two  the  former  alone  was  generally  distributed  throughout  the  central  portions 
of  the  Bay.  Arbacia  and  cert^n  other  species  (notably  Henricia)  were  found  to  t>e 
largely  restricted,  in  Buzzards  Bay,  to  the  immediate  neighborhood  of  land.  For  these 
facts,  as  for  dmilar  ones  already  discussed  in  our  treatment  of  other  groups,  we  believe 
that  the  character  of  the  bottom  is  chiefly  responsible.  Most  of  our  commoner  local 
echinoderms  prefer  bottoms  of  gravel  or  sand  to  ones  of  mud.  To  this  statement,  it  is 
true,  exceptions  are  offered  by  some  of  the  holotburians  and  ophiuroids. 

From  the  table  on  p^e  79  it  will  be  seen  that  the  average  number  of  species  of 
echinoderms  per  dredge  haul,  taken  upon  bottoms  of  gravel  and  stones,  is  2.3;  that  for 
sandy  bottoms  being  3.0,  and  that  for  muddy  bottoms  being  only  1.2.  The  different 
classes,  however,  do  not  agree  in  these  preferences.  The  figures  both  for  holothuroidea 
and  ophiuroidea  are  greatest  for  muddy  bottoms;  but,  owing  to  their  infrequent  occur- 
rence in  the  dredge  hauls,  they  do  not  seriously  affect  these  averages. 

The  relative  wealth  of  the  echinoderm  fauna  upon  different  types  of  bottom  is 
shown  in  another  way  by  an  enumeration  of  the  spedes  which  were  taken  in  one-fourth 
or  more  of  the  dredge  hauls  made  upon  bottoms  of  each  type  (p.  70,  71).  In  the  list 
for  sandy  bottoms  are  comprised  2  asteroids  and  2  ecbinoids;  in  that  for  gravelly  and 
stony  bottoms,  1  asteroids  and  1  echinoid;  in  that  for  muddy  bottoms,  a  ^gle  asteroid 
and  no  echinoids.  Similarly,  3  asteroids  and  2  echinoids  appear  in  the  list  of  species 
(p.  65)  taken  at  one-fourth  or  more  of  the  Fish  Hawk  stations  in  Vineyard  Sound,  while 
only  I  asteroid  and  no  echinoids  appear  in  the  corresponding  list  for  Buzzards  Bay,  The 
lists  for  the  Phalarope  stations  in  the  two  bodies  of  water  do  not  show  as  great  differ- 
ences, ^ce  the  conditions  in  the  "adlittoral"  region  are  more  nearly  similar  throughout, 
but  the  preponderance  is  nevertheless  somewhat  in  favor  of  Vineyard  Sound. 

A  species  which  is  restricted  more  than  any  other  to  bottoms  of  pure  sand  '  is  the 
"sand  dollai","  Echinarachnius  partna.    Character  of  the  bottom,  rather  than  tempeia- 

flin  «h^i-H*»*J  th»rhflrt«ffwh^ii-K**TiTiyrtiyiiii<m<  t ti* jwvh irrfii^  ij  Uyjiij  BpecJninia  ■!  fl  givoi  gtatjon  tun  bmi  jiidicited 
br  a  circle  nuTDundinc  ch«  itu.  Ahuok  the  Rbinodcniu  thii  pncticc  hu  been  loUowal  only  in  tlw  cueof  Uie  tm  wa  oiditDi, 
Ar6dcu  and  ^fronfr^KBHJrDhu.  that  bong  the  cmlv  oaca  which  irould  be  likely  to  leave  bebiod  endurinc  renuini.  It  hH 
been  ■*— '"^^  for  Uiese  two  that  oil  the  field  reconU  relate  talivinASpecimeniuiUess  the  cvatnty  imutrsslv  itiited. 

>  The  dead  teK)  ate  <JmDR  (cneiml  (Kcuimice.  owini  probably  to  the  lu:i  that  they  may  bedriCtedbr  tidal  nutenti. 


y  Google 


BIOLOGICAL  SURVEY  OF  WOODS  HOLE  AND  ViaNlTY.  1 13 

ture,  is  probably  responsible  for  the  greater  prevalence  of  this  species  in  the  western 
half  of  Vineyard  Sound,  where,  as  we  have  pointed  out  elsewhere,  certain  typical  sand- 
dwelling  species  find  their  most  congenial  habitat. 

On  the  other  hand,  certain  less  frequent  species  (not  among  those  charted)  were 
dredged  ctueBy  upon  muddy  bottoms.  Particularly  worthy  of  mention  is  the  holo- 
thurian  Caudina  arenata,  which  was  taken  by  us  seven  times  in  Buzzards  Bay  and  only 
once  in  Vineyard  Sound. 

The  part  played  by  temperature  in  determining  distribution  is  rather  strikingly 
illustrated  by  some  members  of  our  echiooderm  fauna.  The  local  distribution  of  the 
two  commoner  species  of  Asterias  is  quite  in  keeping  with  what  we  know  of  the  ranges 
oi  these  two  forms  upon  our  coast.  A  glance  at  charts  48  and  49  shows  us  that  whereas 
Asterias  forbesi  has  a  practically  unrestricted  distribution  in  local  waters,  A.  vulgaris, 
on  the  contrary,  is  most  prevalent  in  the  colder  portion  of  Vineyard  Sound.  Indeed, 
there  is  seen  to  be  a  progressive  concentration  of  the  distribution  symbols  as  we  pass 
from  the  eastern  to  the  western  end  of  the  Sound,  while  in  the  Bay  the  records  are  con- 
fined to  the  neighborhood  of  the  open  ocean.  It  is  likewise  worth  noting  in  this  con- 
nection that  the  latter  spedes  was  recorded  from  all  seven  of  our  regular  dredging 
stations  at  Crab  Ledge,  while  Asterias  forbesi  was  recorded  but  once. 

As  stated  by  Clark,  the  range  of  the  latter  species  upon  our  coast  is  from  "Maine  to 
the  Gulf  of  MeMCO,"  but  it  is  said  to  be  "rare  or  local  north  of  Cape  Ann."  It  is  pri- 
marily a  shallow  water  form,  which  does  not  appear  to  pass  beyond  depths  of  25  or  30 
fathoms.  A.  vulgaris,  on  the  other  hand,  ranges  from  Labrador  to  Cape  Hatteras, 
though  it  is  "rarely  seen  in  shallow  water  *  *  ♦  south  of  the  Woods  Hole  region." 
It  is  recorded  from  depths  as  great  as  358  fathoms. 

Such  natural  expectations  as  to  distribution  in  local  waters  are  not,  however, 
realized  in  the  case  of  another  starfish,  Henricia  sanguinolenla.  This  species,  also,  is 
listed  as  "Uttoral  only  as  far  south  as  the  Woods  Hole  re^on,"  while,  to  the  northward, 
it  extends  to  Greenland.  The  dredging  records  show  it  to  be  abundant  throughout 
the  length  of  Vineyard  Sound  and,  indeed,  to  be  rather  commoner  in  the  eastern 
(warmer)  half.  It  is  hkewise  recorded  from  scattered  stations  in  Buzzards  Bay,  even 
well  toward  its  head.  For  this  species,  then,  temperature  seems  to  be  a  minor  factor  in 
determining  the  distribution  in  local  waters. 

Of  considerable  interest  are  the  relative  distributions  of  our  two  local  sea  urchins, 
Arbacia  punctvlala  and  Sirongylocenlrotus  droebackiensis .  The  former  spedes  appears 
to  be  of  general  occurrence  throughout  Vineyard  Sound,  except  for  the  portion  adjoining 
the  open  ocean.  In  Buzzards  Bay  it  occurs  as  far  as  the  upper  end,  but  it  seems  here 
to  be  restricted  largely  to  the  vicinity  of  land.  Sirongylocenlrotus,  on  the  other  hand, 
occurs  in  greatest  abundance  in  the  western  portion  of  Vineyard  Sound,  though  occa- 
^onal  specimens  have  been  taken  as  far  eastward  as  West  Chop.  In  Buzzards  Bay  it 
is  found  only  near  the  extreme  lower  end.  Again,  Sirongylocenlrotus  was  taken  at  all 
seven  of  the  stations  at  Crab  Ledge,  while  Arbacia  was  not  found  there  once.  The 
latter  species  occurs  locally  at  all  depths,  even  up  to  the  low-water  mark.  The  former 
spedes,  on  the  other  hand,  is  rarely  if  ever  taken  at  such  slight  depths,  except  in 
northern  waters."     We  have  very  few  records  of  its  occurrence  in  less  than  5  fathoms, 

•  Vmill.  it  it  tiue,  lUta  Uut  UiU  apsinoccun  "at  bw  tnto  oa  the  oui»r  rocky  *hore«."    This  can  not  b" 
16369°— Bull.  3>.  pt  '—13 8 
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and  in  the  great  majority  of  cases  (72  per  cent)  it  was  taken  at  depths  greater  than  lo 
fathoms." 

Comparing  the  range  of  these  two  species  upon  our  coast,  we  find  that  Arbacia  is 
said  to  occur  from  "Nantucket  Shoals  and  Woods  Hole  to  west  Florida  and  Yucatan" 
(Clark),  i.  e.,  our  region  lies  at  its  northern  limit  of  distribution.  The  range  of  Strongy- 
locentrolus,  on  the  other  hand,  is  said  to  be  "circumpolar;  southward  in  the  western 
Atlantic  to  New  Jersey  (not  in  shallow  water  south  of  Cape  Cod)." 

That  Arbacia  is  not  adapted  to  enduring  temperatures  lower  than  those  generally 
prevailing  in  our  local  waters  during  the  winter  months  is  indicated  by  the  fact  that  a 
large  proportion  of  these  urchins  seem  to  have  been  exterminated  in  Vineyard  Sound 
during  the  winter  of  1903-4.  This  winter  was  an  extremely  severe  one,  the  ice  being 
greater  in  quantity  and  lasting  longer  than  for  many  years  previously.  Even  Woods 
Hole  passage,  where  the  tidal  currents  are  extremely  swift,  was  frozen  over  so  firmly 
that  Mr.  Vinal  Edwards  accomplished  the  astonishing  feat  of  walking  over  to  Nona- 
messet  Island.  Reference  to  the  temperature  tables  for  the  Woods  Hole  staUon  (p.  47) 
shows  that  the  mean  water  temperature  for  January  and  February,  1904,  was  29.3°  F., 
as  compared  with  32.3°,  the  mean  of  these  two  months  for  the  other  four  years  comprised 
in  the  table. 

Now  the  sudden  and  extreme  scarcity  of  Arbacia  in  Woods  Hole  Harbor  and  else- 
where in  the  summer  of  1904  was  noted  by  local  collectors  generally,  and  we  are  informed 
by  the  curator  of  the  Marine  Biological  Laboratory,  Mr.  George  M.  Gray,  that  this 
species  did  not  for  several  years  resume  anything  like  its  former  abundance  in  local 
waters.' 

Fortunately  we  are  in  possession  of  definite  data  on  this  subject,  based  upon  a 
comparison  of  our  dredging  records  for  the  summers  of  1903  and  1904.  As  has  been 
stated  on  page  55,  a  condderable  number  of  the  1903  stations  were  repeated  in  the 
following  summer  for  the  sake  of  comparisons  and  verifications.  In  the  two  parallel 
columns  below  we  present  the  records  for  Arbacia,  obtained  during  these  two  seasons, 
in  that  part  of  the  Sound  (the  eastern  two-thirds)  in  which  the  stations  were  duplicated: 


75aibi9  (figments  and  spines). 

7522  (many  living). 

7Saibis  (none). 

7533  (several  living). 

75a3bis  (i  spine). 

7Si4bi3  (none). 

7526(2). 

75=9  (few). 

7530  (abundant). 

JS3obi.(none). 

753,  (I  dead). 

753ibis  (few  fragments). 

7531  (many). 

7S3ibi8  (tew  spines). 

7S33  (few.  many  spines). 

7533bis  (i  small  living). 

7534(numen,us). 

7S34bis  (few  spines). 

7S3S  (few  shells,  many  spines). 

7S35bi9  (many  spines). 
7S36bis  (many  spines). 

7537  (many,  rather  small). 

7S37bis  (none). 

7S38bis  (spines  end  fragment!). 

7539  (few). 

7S39bis  (none). 

7S4o(few). 

«  TTii.  dcw^  the  l«l  ttat  h«dly  mote  Uun  .  Oiifd  d 

ie.  ol  IhtK  uichin.  in  Vmrv»nl  Sinmd  by  B. 

BuudUnElet. 
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7541  (tew).  7S4ibis  (many  spines). 

754ibis  (several  spines). 

7543  (fragment).  7S43^i^  (none). 

7545  (numerous  living).  7545bis  (fragment  of  shell  and  many  spines). 

7546  (few  living).  7S46bia  (spines). 

7547bi3  (several  living  and  fragments). 

7549  (many  living).  7549bis  (few  fragments  and  spines), 

7550  (fragments).  755obis  (few  spines). 

7551  (few  living).  75Sibis  (1  living,  several  fragments). 
7SSJ  (tew).  7SS»t>i9  (few  spines). 

75S3bia  (few  spines). 

7554  (i  small  dead).  75S4bis  (none). 

7555  (numerous). 

7556  (few).  7556bis  (many  fragments  and  spines). 

7557  (i  sliell)- 

7558  (many  living). 

7559  (fe™  living)- 
7561  (about  a  bushels). 

7563  (few  living).  7S6abis  (none). 

7563  (many  living).  7563bis  (spines  and  fragments). 

7564  (many  livii^).  7564bis  (many  spines). 


7566  (many  spines). 

7567  (many  spines). 

7568  (many  spines). 


7569bis  (spines). 


Thus  in  1903  the  presence  of  living  specimens  is  expressly  recorded  in  12  out  of 
36  stations  at  which  Arbada  occurred,  and  it  is  certain  that  they  were  present  at.many 
of  the  other  stations,  perhaps  in  all  cases  where  the  contrary  is  not  explicitly  stated. 
Such  records  as  "few,"  "many,"  or  "2  bushels"  certainly  refer,  for  the  most  part,  to 
living  spedmens.  We  may  state  confidently,  therefore,  that  living  sea  urchins  of  this 
species,  sometimes  in  large  numbers,  were  taken  at  from  one-half  to  two-thirds  of  the 
stations  in  question.  In  1904,  on  the  other  hand,  living  specimens  (never  in  large 
numbers)  were  recorded  from  only  3  of  the  23  stations  at  which  Arbacia  or  its  remains 
were  taken.  In  all  other  cases  the  records  are  for  spines  and  fragments."  Further- 
more, this  condition  was  equally  manifest  during  the  succeeding  season.  Stations  7735 
to  7757  (dredged  in  1905)  cover  practically  the  same  region  of  the  Sound  as  stations 
7521  to  7569.  At  these  23  stations  of  the  later  year  spines  (in  one  case  fragments)  are 
recorded  in  12  cases;  in  not  a  single  case  was  a  living  Arbacia  taken.  Reference  to  the 
complete  station  list  fbr  this  species  shows  that  throughout  the  Sound  as  a  whole  (sta- 
tions 7678  to  7783)  living  specimens  of  Arbacia  were  taken  but  5  times  during  the 
summer  of  1905,  and  that  never  more  than  2  (in  four  cases  a  single  one)  were  taken 
at  one  time.' 

*  The  nmnber  ol  ncordi  (or  nrfno  onlv  would  hnvc  txVD  gomcwlut  imte.  It  U  tnir.  during  the  ninmier  of  igoi.  had  the 
Mod.  Kc.,  E>TO[iabt  up  hy  the  dredge,  been  KAffhed  ai  cuehiUy  that  yeu*  u  diiriita  aulMequBit  wrvoas. 

■Ji  be  ocpted  la  the  caac  ol  SUtmfyioltBtuj,  likewise^  that  a  Uife  proportion  of  the  Later  (1905)  recordi  (rfiT'l  to  t7%3) 

while  UvinE  ipedmsu  alone  were  nrted  in  1903.    Thii  last  circunutanrc 

pinei  dI  the  frecn  urdun  were  overlooked  durinf 

■B  wfalcb  Uvini  ipedmau  are  recvded  in  igei 

Iforeover.  at  4  out  ol  j  oi  the  "bil'*  itAtkmi  (1904)  At  w'luch  thu  ipedei  waa  taken  the  recorda  indicate  living  fpeamena. 
ThB*  it  wmil  unlikely  that  StnnttyLxtnlTatiu  waa  uotavonbly  aacctcd  durlni  the  wiatfr  which  wmuiht  auch  havoc  with 
AtbmeU.    TheaamemavbcMidc^tlie-'MBddolkr.-EcMHrachHM,    We  find  M  evidcscc  of  (ay  deftmctloa  of  thi*  v<da 
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How  the  severe  cold  prevalent  during  the  winter  under  consideration  could  have 
resulted  in  the  death  of  organisms  dwelling  in  several  (sometimes  many)  fathoms  of 
water  is  difficult  to  see.  With  animals  so  situated  an  actual  freezing  seems  to  be  out 
of  question,  and  the  temperature  to  which  they  were  subjected  on  this  occasion  was 
only  a  few  degrees  lower  than  that  ordinarily  endured  by  them  in  the  winter.  Further- 
more, it  must  be  pointed  out  that  the  peculiarities  in  the  local  distribution  of  Arbacia 
correspond  to  known  differences  in  summer  temperatures,  not  winter  temperatures. 
As  has  been  shown  above  (p.  50),  it  is  likely  that  in  winter  all  our  waters  attain 
practically  the  same  temperature  at  the  coldest  period  of  the  year;  and  indeed  it  is  the 
shallower,  more  inclosed  waters,  such  as  those  frequented  by  Arbacia,  which  are  the 
ones  to  respond  most  quickly  to  the  winter  cold.  Further  consideration  will  be  given 
to  this  subject  in  chapter  v  (p.  177). 

In  addition  to  these  illustrations,  which  have  been  discussed  at  length,  we  find 
several  other  instances  among  this  group  of  species  whose  distribution  in  local  waters 
is  certainly  related  to  temperature.  ■  Thus  Aslerias  auslera,  Solaster  endeca,  and  Gor- 
gonocephalus  agassizit,  which  reach  their  southern  limit  of  distribution  in  this  region, 
have  been  taken  by  us  only  at  Crab  Ledge;  while  Aslerias  tenera,  though  recorded  from 
points  as  far  south  as  New  Jersey,  is  predominantly  a  northern  form,  and  locally  is 
only  known  from  outlying  points  such  as  Crab  Ledge  and  Sankaty  Head.  Again  the 
brittle  star  Ophiopholis  acuieala  and  the  peculiar  little  holothurian  Thyone  unisetnila, 
the  first  of  which,  at  least,  is  known  to  be  a  predominantly  northern  form,  have  only 
been  recorded  by  us  from  the  western  end  of  Vineyard  Sound  and  from  Crab  Ledge — 
a  not  unusual  combination,  as  we  have  seen. 

Although  it  is  a  problem  towhat  degree  depth,  as  such,  can  be  regarded  as  a  factor  in 
determining  the  distribution  of  marine  animals,  we  find  of  course  many  species  which 
appear  to  show  marked  preferences  for  the  deeper  or  the  shoaler  waters  of  the  region. 
Among  the  echinoderms,  it  has  already  been  pointed  out  that  the  sea  urchin  Strongylo- 
cenfrodM  occurs  in  Vineyard  Sound  chiefly  at  depths  of  10  fathoms  or  more.  The  same 
is  true  to  a  less  extent  of  Aslerias  vulgaris."  Now  both  of  these  have  already  been 
mentioned  as  northern  forms,  which  are  restricted  in  large  measure  to  the  <x>lder  waters 
of  the  region.  Their  avoidance  of  the  shoaler  waters  near  land  is  probably  dependent 
upon  their  preference  for  lower  temperatures. 

Some  of  our  local  holothurians  have  a  converse  type  of  distribution;  i.  e.,  they 
show  a  decided  preference  for  extremely  shallow  waters.  To  what  degree  this  fact  is 
related  to  temperature,  and  to  what  degree  it  depends  upon  the  character  of  the  bottom, 
in  which  they  burrow,  need  not  be  considered  here.  One  of  this  group,  Thyone  briareus, 
was  dredged  by  us  several  times  but  never  far  from  land,  and  its  more  characteristic 
habitat  is  probably  in  waters  which  are  not  accessible  to  the  dredge  at  all. 

The  following  is  a  list  of  the  echinoderms  which  were  taken  by  us  in  the  course  of 
the  Survey  dredging.  The  asterisk  denotes  as  usual  those  species  which  were  encountered 
at  loormorestationsin  Vineyard  Sound  and  Buzzards  Bay,  and  for  which,  consequently, 
distribution  charts  have  been  plotted. 
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Solaster  endeca. 
'HenricU  sanguinolenta  (chart  47). 

Asterias  austera. 
*A5terias  forbesi  (chart  48). 

Asterias  tenera. 
*Asterias  vulgaris  (chart  49). 

Ophioderma  brevispina. 

Ophiopholis  aculeata. 
•Amphipholis  squamata  (chart  50). 


Amphioplus  abdita. 
Gorgonocephalua  agassizii. 

"Strongylocentrotus  droebachiensis  {chart  51). 
•Arbacia  punctulata  (chart  52). 
'Echmarachnius  parma  (chart  55). 

Cucumaria  pulcherrima. 

Thyoae  briareus. 

Thyone  unisemita. 

Caudina  arenata. 


Considering  the  7  more  prevalent  species  of  local  echinoderms,  we  may  group 
them,  as  usual,  according  to  their  range  upon  our  coast,  as  predominantly  northem  or- 
southern.     The  distributions  here  stated  are  those  given  by  Clark. 

Pttdominanlly  northetn. 
Henricia  sangulnolenta. "Greenland  and  Labrador  to  Connecticut,  o£F  New  Jersey  and  even 

Cape  Hatteras. " 
Asteriai  vulgaris "  Labrador  to  Cape  Hatteras;  but  south  of  the  Woods  Hole  region 

rarely  seen  in  shallow  water." 
Strongylocentrotus  droebacbieusis.  ."Circumpolar;  southward  in  the  western  Atlantic  to  New  Jersey 

(not  in  shallow  water  south  of  Cape  Cod)." 

Predominantly  southern. 

Asterias  fcvbesi "  Maine  to  the  Gulf  of  Mexico,  rare  ot 

Arbacia  punctulata "  Nantucket  Sboals  and  Woods  Hole  t( 

Of  uncertain  position. 

Amphipholis  squamata Arctic  Ocean   to  West  Indies  and   South   America.     (Australia; 

Mediterranean  Sea.) 
Gchinarachnius  parma On  our  coast,  from  Labrador  to  New  Jersey  (also  Red  Sea). 

It  is  obvious  that  no  fair  opinion  can  be  formed  regarding  the  zoogeographicat 
position  of  our  local  echinoderms  from  a  consideration  of  these  few  species.  According 
to  Dark,  5  of  the  6  true  starfishes  of  the  region  are  northem,  though  the  Asteroidea 
are  the  only  group  which  show  this  preponderance  of  northem  forms. 

7.  ANNULATA  AND  SIPUNCULIDA. 

ANNULATA. 

Of  the  Aimulata  proper  1^8  determined  species  are  recorded,  to  which  number 
must  be  added  4  undetermined  species  and  a  few  others  which  are  doubtfully  to  be 
included  in  this  list.  These  species  represent  109  genera  and  40  families.  Of  the  total 
number  of  species  recorded,  83,  or  more  than  50  per  cent,  were  taken  during  our  own 
dredging  operations;  46  others  are  recorded  for  local  waters  on  the  authority  of  persons 
who  have  participated  in  the  work  of  the  Sur\'ey,  while  30  species  are  included  wholly 
on  the  authority  of  published  statements.  The  great  majority  of  the  segmented  worms 
here  recorded  belong  to  the  subclass  Polychseta,  of  which  about  135  species  have  been 
Ssted  for  the  region.  In  addition  to  these,  however,  are  1 1  species  of  Oligochxta  and 
4  of  the  Hirudinea. 

Only  a  single  new  species  {Arabella  spinijera  Moore)  has  been  described  from  speci- 
mens taken  during  the  Survey  dredging.  A  number  of  species  hitherto  unrecorded 
locally  have,  however,  been  added  to  the  known  fauna  of  the  region.  Such  are  Myxicola 
tUenstrupii,  Pista  intertaedia,  Poiycirrus  phospkoreus,  Spiochatoplerus  ocuiatus,  Spirorbis 
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iyhajormis,  and  some  or  all  of  the  following:"  Amphitriie  cirrala,  Chaiinopoma  green 
landica,  Cirralulus  cirralus,  Glycera  capilala  and  Praxilella  zonalis. 

Verrill  and  Smith  {1873)  listed  70  determined  species  of  Annulata  from  specified 
localities  lying  within  the  limits  of  our  region,  and  some  5  others  whose  range,  as  stated, 
would  include  Woods  Hole  and  vicinity.  Our  present  list  thus  comprises  about  twice  as 
many  representatives  of  this  phylum  as  were  catalogued  for  the  region  in  the  "  Report 
upon  the  Invertebrate  Animals  of  Vineyard  Sound."  More  than  20  other  determined 
species,  however,  were  recorded  at  that  time  by  Verrill  for  adjacent  portions  of  the  Atlantic 
coast;  while  in  later  papers  he  added  many  more  to  the  fauna  of  the  Woods  Hole  region 
itself.  Most  of  those  species  of  our  own  list  which  are  not  comprised  within  the  various 
papers  of  Verrill  have  been  recorded  upon  the  authority  of  Dr.  J,  P.  Moore,  who  has 
devoted  some  years  to  a  systematic  study  of  the  Woods  Hole  Polychjeta.  Some  of 
these,  as  above  stated,  were  first  taken  during  the  survey  dredging  operations,  while  a 
yet  greater  number  were  collected  independently  by  Dr.  Moore  before  the  latter  opera- 
tions were  commenced.  It  is  understood  that  Dr.  Moore  has  noted  the  occurrence  of 
a  number  of  species  which  are  not  included  in  this  report,  but  these  records  are  unfor- 
tunately  hot  available  at  present.  Except  in  the  case  of  certain  familiar  and  ea^Iy 
determined  forms,  all  of  the  annelids  from  the  dredging  collections  were  identified  by 
the  last-named  zoologist,  to  whom  we  are  likewise  indebted  for  the  revision  of  our  check 
list  of  species.  This  authority  is  also  responsible  for  the  terminology  adopted,  though 
not,  of  course,  for  all  the  statements  in  the  text. 

Our  list  of  Annulata  considerably  exceeds  that  given  by  Whiteaves  for  eastern 
Canada.  Of  the  105  Polychxta  comprised  in  the  latter  catalogue,  29,  or  somewhat 
more  than  one-fourth,  appear  to  be  common  to  the  Woods  Hole  region.  None  of  the 
other  groups  of  segmented  worms  have  been  considered  by  Whiteaves. 

The  total  number  of  annelids  listed  in  the  Plymouth  catalogue  is  surprisingly  near 
to  that  in  our  own.  The  number  of  Polychxta  is  somewhat  greater  (148)  in  the  former; 
the  number  of  Oligochxta  being  smaller  (only  3).  Of  the  Plymouth  Annulata,  10  of  the 
Polychaeta  and  i  of  the  Oligochseta  appear  to  be  common  to  Woods  Hole. 

Herdman  has  listed  9o(  +  2?)  members  of  this  phylum  for  the  Irish  Sea;  while 
Grteffe  records  142  species  for  the  Gulf  of  Trieste. 

Certain  defects  of  method  must  be  taken  into  account  in  judging  of  the  complete- 
ness of  our  dredging  records  for  the  annelids.  As  is  well  known,  a  large  proportion  of 
the  spedes  burrow  in  the  sand  or  mud,  in  some  cases  quite  deeply.  When  disturbed, 
they  retreat  hastily  from  the  surface.  In  order  to  obtain  such  forms  without  mutila- 
tion, or  in  many  cases  even  to  obtain  fragments  of  them,  it  is  necessary  to  dig  deeply 
into  the  soil.  Dredges  such  as  those  employed  in  the  present  work  removed,  at  best, 
but  a  few  inches  from  the  surface  of  the  mud  and  sand,  giving  the  burrowing  worms  an 
ample  opportunity  to  escape. 

An  impressive  instance  of  the  incompleteness  of  our  records  for  some  of  these  bur- 
rowing annelids  is  furnished  by  the  case  of  Diopalra  cuprea.  This  species,  as  is  well 
known,  constructs  a  parchment- like  tube,  extending  down  some  feet  into  the  ground. 
The  terminal,  exposed  portion  of  the  tube  is  reinforced  by  any  small  bits  of  solid  matter 
which  happen  to  be  at  hand,  e.  g.,  pebbles,  shell  fragments,  or  bits  of  eel  grass.  By  the 
exercise  of  considerable  care  the  living  worm  may  be  dug  up  in  shallow  water.     But 

<>  ThcK  sptda  wcrr  all  drfdinl  duiiai  the  courie  ol  the  nirvey.    WheUier  or  sot  they  had  prcviooilr  been  coUtctoI  Inde- 
peadCDtlv  by  Dr.  Moore  is  not  Icnown. 
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although  we  have  encountered  these  tubes  (or  rather  short  segments  of  tubes)  at  198 
stations  throughout  Vineyard  Sound  and  Buzzards  Bay,  we  have  not  a  stogie  record 
of  having  taken  even  the  anterior  portion  of  the  worm  itself  in  the  course  of  our  dredg- 
ing. Our  records  tor  Chartopterus  pergamenlaceus,  Clymenella  torquafa,  Melinna  macu- 
lala,  and  the  two  spedes  of  Pisla  likewise  relate  almost  exclusively  to  tubes;  although 
the  first  two  of  these  species,  at  least,  may  be  readily  collected  by  digging  in  shallow 
water.  It  is  highly  probable  also  that  some  small  and  inconspicuous  species  were 
pretty  constantly  lost  or  overlooked  in  the  process  of  washing  large  quantities  of  mud 
or  sand,  particularly  as  we  were  seldom  assisted  in  the  field  by  anyone  having  an  ade- 
quate knowledge  of  this  gFOUp.** 

Mistakes  due  to  the  actual  confusion  of  one  species  with  another  in  the  field  records 
are  probably  particularly  infrequent  for  the  annelids,  in  as  much  as  nearly  all  of  the 
specimens  were  reserved  for  identification  by  Dr.  Moore.  The  one  known  case  in  which 
a  certain  degree  of  confusion  exists  is  that  of  the  small  tube-dwelling  worms  of  the  genus 
Spirorbis.  It  was  not  at  fiist  realized  that  several  species  of  closely  similar  appearance 
existed  within  the  limits  of  the  region  dredged,  and  for  this  reason  it  was  not  thought 
necessary  to  save  samples  from  every  dredge  haul.  It  has  consequently  been  found 
necessary  to  Ust  a  considerable  proportion  of  our  specimens  merely  as  "Spirorbis  sp. 
undetermined;"  and  it  has  not  seemed  worth  while  to  present  the  distribution  charts 
for  any  members  of  the  genus,  although  at  least  one  of  these  (5.  Ivhaformis)  is  known 
to  have  been  taken  at  more  than  10  stations. 

On  the  average,  4.3  species  of  Annulata  were  recorded  for  each  of  the  Survey  dredge 
hauls.  The  species  found  to  have  the  most  general  distribution  was  Hydroides  dianikus, 
which  was  taken  at  223  of  the  458  stations.  Those  encountered  so  frequently  as  to  be 
taken  at  one-fourth  of  the  total  number  of  stations  were: 

Hydroides  dianthus  (933). 

Diopatra  cuprea  (198). 

Nereis  pelagica  (iga). 

Harmothoe  imbricatA  (1S9). 

Lepidonotus  squamatus  (165). 
As  might  have  been  readily  inferred  from  the  habits  of  this  group  of  organisms,  the 
character  of  the  bottom  was  found  to  be  the  dominant  inSuence  in  determining  their  dis- 
tribution. Now,  we  have  seen  that  the  bottom  of  Buzzards  Bay,  as  a  whole,  is  muddy, 
whereas  most  portions  of  Vineyard  Sound,  however  much  they  differ  in  other  respects, 
agree  in  the  scarcity  of  mud.  Accordingly  we  find  it  possible  to  divide  the  majority  d 
the  annelids  from  the  Survey  dredgings  into  predominantly  Bay-dwelling  and  predom- 
inantly Sound-dwelling  forms. 

As  judged  by  our  dredging  records,  members  of  this  phylum  are  encountered  with 
considerably  greater  frequency  in  Buzzards  Bay  than  in  Vineyard  Sound.*  The  average 
number  of  species  taken  per  dredge  haul  for  each  body  of  water  and  for  each  vessel  may 
be  tabulated  as  follows : 

Vtneyard  Sotmd; 

Fish  Hawk  stations 3.5 

Phalarope  stations 4. 6 

Buzzards  Bay: 

Fish  Hawk  stations 6.  i 

Phalarope  stations 4, 6 

aToobtainutufictory  rnulLs.  portions  of  the  botlom  nutnul  ihauld  be  covend  witli  w*  mittr  and  left  sUndmc  in  dishc* 

i  Thii  itatancnt  i>  in  no  wsy  InccmMilent  with  the  (act  that  the  toUl  number  of  ipedes  recorded  for  tht  Sound  ai  >  irbole 
er  than  that  tcorrdHl  lot  the  Bay  (p.  &>). 
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It  is  to  be  noted  that  this  preponderance  in  favor  of  the  Buzzards  Bay  stations 
relates  only  to  those  of  the  Fisk  Hawk.  It  is  in  the  deeper  portions  of  the  Bay,  where 
the  Fisk  Hawk  dredgings  were  made,  that  the  mud  predominates.  Elsewhere  the  bot- 
tom agrees  more  closely  with  that  of  Vineyard  Sound, 

These  same  facts  are  shown  by  a  comparison  of  the  lists  of  "prevalent"  spedes  for  the 
different  groups  of  stations  (p.65-7i),i,  c,  the  lists  of  those  spedes  which  were  taken  at 
one-fourth  or  more  of  the  stations  belonging  to  each  group.  Thus  the  list  for  the  Fish 
Hawk  stations  of  Vineyard  Sound  contains  five  spedes;  that  for  the  Fish  Hawk  stations 
of  Buzzards  Bay,  nine  spedes.  The  list  for  the  Phalarope  stations  in  Vineyard  Sound 
contains  five  spedes;  that  for  the  Phalarope  stations  of  Buzzards  Bay,  six  spedes. 

With  reference  to  the  wealth  of  annelid  life  upon  the  three  types  of  bottom  which 
we  have  considered,  we  have  the  following  figures,  representing  the  average  number  of 
spedes  per  dredge  haul:  Sand,  3.4;  stones  and  gravel,  4.7;  mud,  5.3. 

To  what  extent  the  greater  wealth  of  annelid  life  upon  muddy  bottoms  is  actual 
and  to  what  extent  it  is  apparent  can  not  be  stated.  Soft  mud  is  of  course  cut  into 
much  more  deeply  with  the  dredge  than  is  sand  or  gravel,  and  thus  a  larger  proportion 
of  the  burrowing  worms  would  be  collected  from  the  former  type  of  t>ottom,  even  if  they 
were  equally  common  upon  both. 

Those  species  which  were  taken  in  one-fourth  or  more  of  the  dredge  hauls  made  upon 
sandy  bottoms  are:" 

Hannatfaof  imbricata.  Hydroides  dianthus. 

Nereis  pelagica.  Lepidonotus  squamatus. 

Diopatra  cuprea. 

It  will  be  seen  that  this  list  comprises  exactly  the  same  spedes  as  were  recorded 
for  one-fourth  or  more  of  the  total  number  of  stations.  It  likewise  comprises  the  same 
spedes  as  are  to  be  found  in  the  lists  for  both  the  Fish  Hawk  and  Phalarope  stations  in 
Vineyard  Sound. 

The  following  is  a  list  of  prevalent  species  (according  to  the  same  standard)  taken 
upon  bottoms  of  gravel  and  stones: 

Hydroides  dianthus.  Hanuothoi  imbricata. 

Nereis  pelagica.  Diopatra  cuprea. 

liepidoDotus  squamatus.  Pseudopotamilla  oculifera. 

The  only  one  of  these  which  was  not  comprised  in  the  preceding  list  is  the  last  one 


The  corresponding  list  for  muddy  bottoms  is  as  follows: 

Hydroides  diantbus.  Harnxitlioe  imbricata. 

Diopatra  cuprea.  Ninog  nigripes. 

Nephthya  incisa.  Cistenides  gouldii. 
Clymenella  torquata. 

Three  of  the  foregoing  spedes  {Hydroides,  Diopatra,  and  Harmathoe)  were  comprised 

in  all  of  the  preceding  lists,  and  indeed  they  may  be  regarded  as  almost  ubiquitous  in 

local  waters.     The  other  four  are  to  be  regarded  as  characteristic  of  muddy  bottoms, 

and  indeed  all  of  the  seven  appear  among  the  "prevalent"  spedes  for  the  Fish  Hawk 

•  In  tlito  umI  all  sitoUu  liiti,  Ihf  ipccus  $n  wmutd  in  tbt  crda  of  Imtaeacr. 
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stations  in  Buzzards  Bay.     The  latter  list  is  seen  to  be  the  most  extensive  one,  so  far 
as  annelids  are  concerned.     It  ivill  be  found  upon  p.  66  and  need  not  be  repeated  here. 

Distribution  charts  (54-82)  have  been  prepared  for  those  29  species  (excludve  of 
Spirorbis)  which  were  taken  at  10  or  more  dredging  stations.     With  respect  to  their 
distribution  in  local  waters,  we  may  arrange  the  spedes  in  the  five  following  groups : 
species  nearly  or  quite  restricted  to  Vineyard  Sound. 

Number  of  nuioos. 

Eulalia  annulate 17  Sound+o,  Bay. 

Lepnea  rubra 33  Sound+  i  Bay. 

n>lycuTus  eximeus 10  Sound+  o  Bay. 

These  species  and  some  less  frequent  ones  which  might  have  been  included  are 
recorded  almost  exclusively  from  bottoms  of  sand  or  gravel.  It  is  perhaps  worth  noting 
that  the  three  listed  are  ones  which  are  found  most  commonly  in  the  interstices  of  the 
sandy  asddian,  Amarottcium  pellucidum.  Polycirrus  eximeus  is  recorded  by  us  only 
from  the  eastern  half  of  the  Sound, 

Species  occurring  predominantly  in  Vineyard  Sound,  though  more  or  less  common  in  Bttttards  Bay. 

Numbrr  of  itatums. 

Harmothoe  imbricata i23Soimd4-6o  Bay. 

l.epidonotus  squamatus ii3Sound+44Bay. 

Nereis  pelagica 15s  Sotmd+aj  Bay. 

Lumbrineris  hebes 15  Soiind+  5  Bay. 

Pseudopotamilla  oculitera 59  Sound+i8  Bay. 

Sabellaria  vulgaris 6oSoimd+Ti  Bay. 

Reference  to  the  charts  shows  that  in  the  case  of  four  of  these  six  species,  their 
occurrence  in  Buzzards  Bay  is  in  a  large  degree  restricted  to  the  inshore  stations.  This 
is  a  type  of  distribution  which  has  been  met  with  frequently,  being  exemplified  by 
animals  belonging  to  nearly  all  phyla.  The  comparative  scardty  of  mud  at  these 
inshore  stations  of  the  Bay  is  doubtless  responsible  for  this  peculiarity  in  their  distri- 
bution. 

species  nearly  or  guile  restricted  to  Buziards  Bay. 

Nephthys  incisa 46  Bay+3  Sound. 

Ninoe  nigiipes 38  Bay  +  i  Sound. 

Bhynchobolus  amcricanus 12  Bay-fs  Sound. 

Chxtopterus  pergamentaceus 43  Bay+o  Sound. 

Spiochxtopterus  oculatus. 35  Bay+J  Sound. 

Pista  intermedia  * 18  Bay+2  Sound. 

Helinna  maculata 16  Bay+o  Sound. 

Cistenides  gouldii 37  Bay+o  Sound. 

Haldane  elongata i6  Bay+o  Sound. 

Species  oecuning  predominantly  in  Buttards  Bay,  ihotigh  taken  oceationally  in  Vineyard  Sound. 

Number  of  ttations. 

Pista  palmata  B 13  Bay+  7  Sound. 

Ampbarete  setosa 15  Bay+  $  Sound. 

Clymenella  torquata 50  Bay+ie  Sound. 

Tn>ph<»iia  aflinis 17  Bay+  4  Sound. 

a  At  mouth  ol  Bur.  ^Mostly  iniboreftatioiu. 
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"Whb  a  very  few  exceptions  the  last  two  lists  comprise  species  which  primarily 
inhabit  muddy  shores  and  bottoms.  In  the  case  of  certain  species  (Clymenella  and 
RhyrTKhobolvs)  it  is  to  be  noted  that  the  few  records  of  their  occurrence  in  Vineyard 
Sound  refer  to  areas  whose  bottoms  are  known  to  be  partially  muddy.  This  type  (rf 
distribution  is  not,  however,  wholly  intelligible  in  the  case  of  Clymenella  lorgvata,  ^ce 
it  is  known  to  occur  in  abundance  in  shores  of  pure  sand.  Unlike  most  of  the  foregoing 
species,  P-ula  palmaia  and  P.  intermedia  appear  to  be  restricted,  both  in  the  Bay  and 
in  the  Sound,  to  the  adlittoral  zone.  They  are  found  upon  various  types  of  bottom, 
including  muddy  ones.  Plalynereis  megalops  might  perhaps  have  been  included  in 
the  last  of  the  foregoing  lists,  since  it  was  recorded  more  frequently  (absolutely  as  well 
as  relatively)  from  Buzzards  Bay.  Like  the  two  species  of  Pisla,  it  was  taken  much 
more  often  at  the  inshore  stations. 

As  the  last  of  our  groups  with  respect  to  distribution,  we  have: 

Specia  exhibiling  no  tvicUni  ptefertnctfor  on*  or  the  other  body  of  viaier. 

Number  of  itAtldiU. 

Nephthya  buccra 6  Sound-}-  5  Bay. 

Hatphysa  leidyi 7  Sound-f  5  Bay. 

Diopatra  cuprea 105  Sound +86  Bay. 

Arabella  opalina ,...  37  Sound+17  Bay. 

Parasabella  microphthalmia 6  Souiid+  6  Bay. 

Hydroides  dianthua 130  Sound +93  Bay. 

The  distribution  of  most  of  these  last  species  seems  to  be  entirely  independent  of  the 
character  of  the  bottom.  Two  of  them  {Diopatra  and  Hydroides)  are  among  the'most 
ubiquitous  of  our  local  Annulata,  though  it  is  possible  that  the  distribution  of  Diopatra 
is  not  so  general  as  the  wide-spread  occurrence  of  its  tubes  would  lead  one  to  suppose. 
Regarding  three  of  the  foregoing  species  the  records  are  too  meager  to  permit  of  our 
forming  any  conclusions  of  value.  Nepklhys  bucera  is  probably  not  of  general  occur- 
rence in  the  Bay,  since  it  is  known  to  be  predominantly  a  sand-dwelling  species. 

The  temperature  factor,  which  has  been  shown  to  be  such  an  important  one  in 
determining  the  distribution  of  many  species  belonging  to  other  groups  of  organisms, 
probably  applies  to  certain  of  the  local  annelids,  though  it  appears  to  play  a  relatively 
insignificant  part  with  respect  to  the  species  for  which  charts  have  been  plotted.  The 
only  case  among  the  latter  which  seems  to  fall  under  this  head  is  that  of  the  serpulid 
worm  Hydroides  dianthus.  The  absence  of  this  species  from  the  western  portion  of 
Vineyard  Sound  is  a  conspicuous  feature  in  its  distribution,  especially  when  coupled 
with  the  fact  that  it  has  not  once  been  recorded  from  Crab  Ledge,  despite  the  favorable 
bottom  at  the  latter  point.  It  is  of  probable  significance  in  this  connection  that 
Hydroides  is  predominantly  a  southward-ranging  species,  which  may,  on  this  account, 
be  poorly  adapted  to  the  colder  waters  of  the  region.  The  case  resembles  that  of  the 
coral  Astrangia  {p.  99)  and  that  of  the  sea  urchin  Arbacia  (p.  113),  which  have  already 
been  discussed  from  this  point  of  view.  So  far  as  our  records  go,  however,  there  are  in 
Vineyard  Sound  none  of  those  characteristic  cold-water  species  which  are  confined 
to  the  neighborhood  of  the  open  ocean.  But  there  are  a  number  of  species  of  annelids 
recorded  from  the  Crab  Ledge  stations  alone  among  the  dredgings  of  the  survey.  For 
most  of  such  species  Cape  Cod  is  believed  to  lie  at  the  southern  limit  of  distribution. 
Some  of  these  are  included  in  the  following  table.  The  statements  as  to  range  have 
been  furnished  us  by  Dr.  Moore. 
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Northern  types  taken  only  at  Crab  Ledge. 

Ammotrypane  fimbriata ,  .Gulf  of  Maine  to  Vineyard  Sound. 

Amphitrite  cirrata Northern  Europe  to  Crab  Ledge. 

Chfetittopotna  {[reenlandica NcHthem  seas,  south  in  deep  water  to  Massachusetts. 

Eunofi  oerstedi Greenland  to  Vineyard  Sound. 

Filograna  implexa North  Atlantic,  south  to  Nantucket;  off  Sankaty  Head. 

Glycera  capitata Northern  Europe  to  Crab  Ledge. 

Nothria  conchylegia North  Atlantic,  south  to  Cape  Cod. 

Myxicola  steenstnipii North  Atlantic,  south  to  Massachusetts. 

Thelepus  cinctnnatus North  Atlantic,  south  to  Massachusetts. 

The  low  temperature  of  the  bottom  waters  at  Crab  Ledge  was  considered  on  p.  51 
and  has  been  referred  to  elsewhere  in  our  discussions  of  distribution. 

Attention  has  already  been  called  to  the  fact  that  a  number  of  our  charted  species 
of  annehds  are  recorded  primarily  from  the  inshore  (adlittoral)  stations,  both  in  the  Bay 
and  in  the  Sound.  This  is  true  of  Pisfa  palmata,  Pista  intermedia,  Parasabella  Microph- 
thalmia, and  in  a  lesser  degree  of  Platynereis  megalops.  The  same  phenomenon  is 
exhibited  by  certain  less  common  species,  such  as  Sthenelais  picta  and  Dodecaceria  coralii. 
All  of  these  species  were  recorded  wholly  or  chiefly  from  the  Phalarope  and  Blue  Wing 
stations. 

On  the  other  hand,  certain  species  appear  at  first  sight  to  show  a  tendency  exactly 
the  opposite  of  that  manifested  by  those  just  mentioned.  These  others  were  encoun- 
tered with  considerable  frequency  during  the  Fish  Hawk  dredging,  but  were  seldom 
taken  by  the  Phalarope.  Examples  of  such  species  are  Evlalia  annulata,  Nephthys 
bucera,  Ninoi  nigripes,  Arabella  opalina,  and  Rhynchobolus  americanus.  As  a  matter 
of  fact,  however,  the  last  two  species,  at  least,  are  known  to  be  common  along  shore, 
where  they  may  be  dug  up  with  the  spade.  Their  absence  from  the  Phalarope  records 
is  very  probably  due  to  the  failure  of  the  dredges  employed  on  the  latter  vessel  to  cut 
deeply  enough  into  the  bottom.  Indeed,  it  is  quite  possible  that  this  same  explana- 
tion will  hold  for  most  of  the'cases  in  which  species  of  Aimidata  seem  to  be  restricted 
to  the  Fish  Hawk  stations. 

And,  in  general,  when  we  are  considering  any  case  in  which  a  given  species  has 
been  obtained  almost  exclusively  by  one  or  the  other  vessel,  the  question  must  be  asked 
whether  the  personal  element  may  not  have  played  a  part  in  determining  this  result. 
It  has  been  stated  that  the  Fish  Hawk  and  Phalarope  dredgings  were  under  the  super- 
vision of  different  persons.  As  is  well  known,  different  observers  see  different  things, 
depending  upon  what  has  especially  been  brought  to  their  notice.  We  do  not  believe 
however,  that  much  importance  need  be  attached  to  this  source  of  error  in  considering 
most  of  the  species  which  have  been  listed  here.  In  the  case  of  certain  of  those  which 
have  been  mendoned  as  having  a  predominantly  adlittoral  habitat  (e.  g.,  Pisla  inter- 
media), it  is  noteworthy  that  even  the  Fish  Hawk  stations  at  which  they  were  taken 
were  mainly  near  shore. 

A  considerable  number  of  the  Annulata,  the  names  of  which  appear  in  our  faimal 
catalogue,  are  strictly  intertidal  in  their  habitat,  or  at  least  are  confined  to  the  shallow' 
waters  just  below  the  tidal  limits.  Such  forms  have  naturally  not  been  taken  with  the 
dredge,  although  many  of  them  are  common  enough  in  their  prop>cr  habitat.  Examples 
of  species  such  as  these  are  Podarke  obscura.  Nereis  limbaia,  Scoloplos  jragilis,  Amphi- 
trite omala,  Notomastus  luridus,  Arenicola  cristata,  Arenicola  marina,  Spirorbis  spirorbis. 
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and  all  of  the  Oligochseta  so  far  as  listed.  As  has  already  been  stated,  it  is  likely  that 
most  of  the  benthic  spedes  extend  nearly  or  quite  up  to  the  littoral  zone;  and  indeed 
they  often  occupy  the  latter  as  well. 

On  the  other  hand,  many  of  our  local  Annulata  are  pelagic  during  a  part,  at  least,  of 
their  existence.  This  is  true  of  the  larvae  of  nearly  all  the  Polychata,  and  holds  for  the 
sexual  phase  of  many  adult  worms,  particularly  the  Syllidae  and  Nereida.  One  highly 
modified  and  typically  pelagic  form,  Tomopteris  helgolavdica,  is  taken  in  the  local  tow 
during  the  winter  and  spring,  sometimes  occurring  in  abundance.  Two  exotic  species, 
which  may  perhaps  be  termed  pelagic,  were  found  upon  floating  timbers  among  goose 
barnacles.     These  are  Amphinome  pallasii"  and  Hipponoe  gaudichaudi. 

A  few  of  the  more  striking  examples  of  a  difference  of  habitat  being  shown  by 
different  members  of  the  same  genus  are  as  follows: 
Nephthys. 

N.  incisa:  Frequents  bottoms  of  soft  mud. 

N.  bucera:  Frequents  sandy  bottoms. 

N.  pelagica:  Clear  waters,  non-muddy  bottoms, 

N.  limbata:  Strictly  littoral,  preferring  foul  and  brackish  waters. 

N.  virens:  Diverse  habitat. 
Cirratulus. 

C,  grandis:  Shores  and  deeper  waters  in  sand  and  gravel. 

C.  parvus;  Deeper  waters  only,  in  colonies  of  Amatoticium  pellucidum. 
Amphitrite. 

A.  omata:  Inner  waters  of  region,  strictly  littoral. 

A.  bninnea  and  A.  cirrata:  Only  recorded  from  Crab  Ledge. 
Pista. 

P.  palmata:  Said  to  frequent  purer  waters  and  cleaner  sand  than  P.  intermedia. 
Spirorbis. 

S.  spirorbis:  On  rock-weed,  littoral, 

S.  tubteformis;  On  Phyllophora and  Chondrus,  from  adlittoral  zone  togreatestdepthsof  region, 

S.  quadrangularis:  At  Crab  Ledge  only, 

S,  stimpsoni:  At  Crab  Ledge  only, 

S.  fewkcsi:  Fiom  algtein  deeper  waters  of  Vineyard  Sound. 

The  following  species  of  Annulata  were  taken  during  the  dredging  operations  of  the 

Survey; 


Autolytns  omatus. 
Eusyllis  fr^ilis. 
Odontosyllis  lucifera. 
Psdophylax  dispar. 
Syllis  pallida. 
Trypanosyllis  sp. 
*^ulalia  annulata  {chart  54). 
Eulalia  gracilis. 
Eulalia  pistacia. 
Eumidia 


Phyllodoce  catenula. 

Euno€  oerstedi. 
*HamKitho£  imbricata  (chart  55). 
"Lepidonotus  squamatus  (chart  56). 

Lepidonotus  sublevis. 

•  Tbii,  wc  kam,  is 


Sigalion  arenicola. 

Sthenelais  gracilis. 

Sthenelais  pi  eta. 
•Nephthys  bucera  (chart  57). 
•Nephthys  incisa  (chart  58). 

Nereis  arenaceodentata. 

Nereis  dumerilii. 
'Nereis  pelagica  (chart  59). 

•Platynereis  megalops  (chart  60). 
"Marphysa  leidyi  (chart  61), 
•Diopatra  cuprea  (chart  62 ) . 

Nothria  conchy legia. 
"Arabella  opal ina  (chart  63). 

Drilonereis  looga. 
b«  litlonJ  ID  the  Wot  ladin. 
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(chart  66). 


•Ampharete  setosa  (chart  73), 
'Melinoa  maculata  (cbait  74). 
*Cisteiudes  gouldii  (chart  75), 

Capitella  sp. 

Ammotrypane  fimbriata. 

Ophelia  denticulata. 
•Clymenella  torquata  (chart  76). 
'Maldane  elongate  (chart  77). 

Praxilella  zonal  is. 

Scalibregma  brevicauda, 

Brada  setosa. 
*Trophonia  affinis  (chart  78). 

Euchone  elegans. 

Myxicola  stcenstrupii. 
*Parasabella  microphthalmia  (chart  79). 
*Pseudopotaiiiilla  oculifera  (chart  80). 

Protula  3p. 

Chtetinopoma  greenlandica. 

Pilograna  implexa. 
*HydFoides  d  I  an  thug  (chart  81). 

Spirorbis  quadrangiilaris. 

Spirorbis  spirillum  (probably  taken  more  than  U 

Spirorbis  tubteformis. 
•Sabcllaria  vulgaris  (chart  8»). 
Ichthyobdella  funduli. 


"Lumbrireris  hebes  (chart  64). 

Lumbrineris  tenuis. 
*Nino£  nigripes  (chart  65). 

Buglycera  dibranchiata. 

Glycera  capitata. 
•RhynchobolttS  ai 

Scoloploi  f  ragilis. 

Scoloplos  robust  us. 

Polydora  concharuni. 

Scolecolepis  viridis. 

Spio  sp.  undet. 
*Chxtap  terns  pergamentaceus  (chart  67). 
•SpiochKtopterus  oculatus  (chart  68). 

Ammocbares  artifex. 

Cirratulus  cirratus. 

Cirratulus  grand  is. 

Cirratulus  parvus. 

Cirratulus  tenuis. 

Dodecaceria  coralii. 

Amphitrite  cirrata. 
*I«pr£ea  rubra  (chart  6g). 

Nicolea  simplex. 
•Pista  intermedia  (chart  70). 
"Pista  palmata  (chart  71). 
*B>lycirrus  eximeus  (chart  72). 

Thelepus  cincinnatus. 

Sabellldes  pusilla. 

If  we  classify  our  30  commoner  species  of  bottom-dwelling  annelids  as  predomi- 
nantly northern  or  southern,  according  to  their  known  range  upon  our  coast,  we  have 
the  following  groups;" 

Predominantiy  narlhern. 

HarmothoS  imbricata Circumboreal ;  south  on  our  coast  to  New  Jersey. 

Lcpidonotus  squamatus Bothsidesof  North  Atlantic;  Greenland  to  South  Carolinaialso  reported 

■  from  north  Pacific. 

Neptathys  incisa Spitzbergen  to  Long  Island  Sound. 

Ndcis  pelagica Greenland  and  Labrador  to  Beaufort,  N.  C,  becoming  smaller  and  less 

common  south  of  Vineyard  Sound. 
UiBot  nigripes Eastport,  Me.,  to  Block  Island. 

pTedomiiutnily  touthem. 

Eulalia  annulata Provincetown,  Mass.,  to  New  Jersey. 

Nephthys  bucera Massachusetts  Bay  to  Charleston,  S.  C. 

Platynereis  megalops. Cape  Cod  to  Beaufort,  N.  C. 

Harphysa  leidyi Massachusetts  to  North  Carolina. 

Diopatra  cuprea Cape  Cod  to  Charleston,  S.  C. 

Arabella  opalina Massachusetts  to  Porto  Rico. 

Khynchobolus  atnericanus Massachusetts  to  Charleston,  5.  C. 

Chtetopterus  pergamentaceus . . .  Cape  Cod  to  West  Indies. 

SpiochKfoptems  oculatus. .   Wellflect,  Mass.,  to  Virginia. 

Lepnen  rubra Massachusetts  to  North  Carolina. 

Plata  palmata Cape  Cod  to  Virginia. 
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Polycirrus  eximeus Cape  Cod  to  Beaufort,  N.  C 

Ampharete  sefosa New  Haven  to  east  of  Falmouth. 

Melinna  maculata Woods  Hole  to  Virginia. 

Cisteuidcs  gouldii Casco  Bay  to  North  Carolina. 

Clymenella  torquata Eastport,  Me.,  to  Porto  Rico. 

Maldane  elongata Massachusetts  to  North  Carolina. 

Trophonia  aflinis Massachusetts  Bay  to  southern  New  Jersey. 

Parasabella  midrophthalmia.  . .  .Massachusetts  Bay  to  Beaufort,  N.  C. 

Hydroidesdianthus. ...' Casco  Bay  (in  sheltered  places)  and  Massachusetts  Bay  to  Charleston, 

S.  C. 

Spirorbis  tubceformis. Vineyard  Sound  to  New  Haven. 

Sabellaria  vulgaris. Provincetown  to  Beaufort,  N.  C. 

Having  a  range  of  apptoxxmalely  equal  extent  north  and  toutk. 

Lumbrineris  hebes Casco  Bay  to  New  Jersey. 

Pseudopotamilla  oculifera Bay  of  Fundy  to  Virginia. 

Of  doubtful  position. 

Pista  intennedia Cape  Cod  to  Block  Island. 

It  will  thus  be  seen  that  a  large  majority  of  the  more  prevalent  benthic  spedes  of 
Annulata  found  in  this  vicinity  are  predominantly  southern  in  their  range,  while  of  the 
few  species  whose  range  is  predominantly  northern  all  but  two  have  a  range  which 
extends  far  to  the  southward  of  Woods  Hole. 

SIPUNCULIDA. 

So  far  as  known,  this  group  of  worms  has  a  scant  representation  in  our  local  fauna. 
Only  three  determined  species  are  included  in  our  list,  of  which  only  one  {Phascolion 
strombi)  was  encountered  with  any  frequency  in  the  dredge.  This  was  mainly  recorded 
from  the  inshore  stations  of  Buzzards  Bay,  though  taken  elsewhere  on  a  number 
of  occasions  (chart  83).  On  account  of  its  peculiar  mode  of  life  it  was  probably  fre- 
quently overlooked  during  the  earlier  days  of  our  dredging.  This  worm,  according  to 
Gerould,  is  "found  all  along  the  eastern  coast  of  North  America  from  oS  Virginia 
northward  to  Labrador."  Since  it  occurs  in  such  widely  different  latitudes  as  the  West 
Indies  and  the  northern  coast  of  Asia,  the  distribution  of  this  spedes  can  have  little 
relation  to  temperature. 

Another  of  our  local  sipunculids  {Phascdosoma  verrillii  Gerould)  has  been  taken 
on  a  very  few  occasions  only.  It  was  apparently  observed  by  Verrill,  though  not 
described  by  him. 

8.  ARTHROPODA. 


With  a  few  exceptions  the  phylum  Arthropoda  is  represented  in  our  marine  fauna 
by  the  class  Crustacea  alone,  the  members  of  which  occupy  somewhat  the  same  portion 
in  the  life  of  the  sea  as  do  the  insects  upon  land.  The  total  number  of  Crustacea  thus  far 
listed  for  this  region  is  about  300,  which  is  a  larger  number  than  is  recorded  for  any 
other  class  of  animals  or  even  for  any  entire  phylum  besides  the  Arthropoda.  There 
are  comprised  in  our  catalogue  2S9  definitely  determined  species  of  Crustacea,  together 
with  3  which  are  undetermined  and  18  which  have  been  determined  with  doubt.  Of 
these,  i26(+6?)  are  to  be  assigned  to  the  subdass  Entomostraca  and  i63(+i5?)  to  the 
subclass  Malacostraca.     Since  the  former  subclass  comprises  for  the  most  part  small 
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and  inconspicuous  forms,  it  is  likely  that  the  list  of  these  is  far  less  complete  than  that 
for  the  latter  group,  which  comprises,  for  the  most  part,  species  of  moderate  or  large 
size.  It  is  the  Malacostraca,  likewise,  which  are  chiefly  represented  in  our  dredging 
records;  indeed,  we  should  say  exclusively  represented  but  for  the  ever-present  barnacles. 
Owing  to  the  magnitude  of  this  class  and  to  the  fact  that  different  sections  have 
been  treated  by  different  specialists,  it  seems  best  to  condder  the  orders  separately. 

I.   PHYLLOPODA. 

The  Phyllopoda  are  represented  in  our  list  by  two  members  of  the  Polyphemidae, 
which  were  identified  by  Mr.  R.  W.  Sharpe  among  material  collected  with  the  townet 
at  Woods  Hole,  and  by  a  spedesof  Artemiu,  which  was  observed  by  Verrillin  "salt  vats" 
at  Falmouth,  and  is  perhaps  not  to  be  included  in  our  marine  fauna  at  all.  One  or  more 
spedes  of  Polyphemid£e  are  at  times  excessively  abundant  in  the  Woods  Hole  plankton, 
and  it  is  likely  that  our  phyllopod  fauna  is  far  more  extensive  than  the  present  meager 
records  would  imply. 

IL    OSTRACODA. 

Twenty-six  species  of  ostracods  have  been  identified  by  Dr.  Cushman"  among 
spedmens  collected  in  the  vicinity  of  Woods  Hole.  Of  these,  21  were  recorded  from 
the  Survey  dredgings.  Since  this  group  had  never  been  studied  locally  prior  to  the  work 
of  Dr.  Cushman,  all  of  these  36  spedes. may  &e  regarded  as  additions  made  to  our  local 
fauna  through  the  operations  of  the  Sur\'ey.  Ten  of  them  were  described  for  the  first 
time  by  Dr.  Cushman  from  spedmens  dredged  or  otherwise  collected  during  the  summer 
of  1905. 

Mr.  R.  W.  Sharpe,  who  has  examined  lai^  quantities  of  townet  material  collected 
in  Woods  Hole  Harbor,  believes  that  he  has  met  with  "perhaps  20  forms,  certainly  new 
to  our  shores,  and  mostly  new  to  sdence,"  Thus  far,  however,  he  has  not  published 
descriptions  of  any  of  these  local  spedes. 

Reference  to  the  comparative  table  on  page  88  shows  that  29(  H-  9  ?)  spedes  of  ostra- 
cods have  been  listed  for  eastern  Canada,  6  for  Plymouth,  57(  + 1  ?)  for  the  Irish  Sea, 
and  9  for  the  Gulf  of  Trieste.  It  is  likely  that  these  numbers  represent  the  relative  thor- 
oughness of  the  search  which  has  been  made  for  these  organisms  rather  than  the  relative 
wealth  erf  spedes  at  these  points.  Ten  of  the  Canadian  spedes  are  known  to  be  common 
to  Woods  Hole,  but  so  far  as  we  may  infer  from  the  lists  there  are  no  spedes  com- 
mon to  Woods  Hole  and  Plymouth. 

None  of  the  Ostracoda  were  recorded  from  a  sufSdent  number  of  dredging  stations 
to  warrant  our  plotting  distribution  charts  for  them.  Moreover,  they  were  only  sought 
for  during  one  season  of  the  regular  dredging  work  of  the  Survey*  and  consequently 
we  have  a  very  imperfect  idea  of  thdr  distribution  in  local  waters.  From  our  records 
the  ostracods  appear  to  be  chiefly  restricted  to  the  western  end  of  Vineyard  Sound,  and 
it  seems  likdy  that  thdr  scardty  in  the  eastern  part  is  in  a  considerable  measure 
real,  since  bottom  samples  from  the  entire  length  of  the  Sound  were  examined  by 
Dr.  Cushman. 

•  A  list  of  Oitst  hu  ulnrndy  been  pnbliihed  Id  Procadinci  ol  Uw  BoKoa  Society  ol  NUunl  History,  vol.  11.  1906. 
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III.  COPEPODA. 

These  fall  into  two  rather  natural  subdivisions,  including  the  free-living  and  the 
parasitic  forms,  respectively,  though  the  line  of  division  is  not  strictly  a  taxonomic  one. 
The  list  of  free-Uving  copepods,  including  25  {+  i  ?)  species,  is  derived  from  the  published 
reports  of  W.  M.  Wheeler  (1900)  and  of  R.  W.  Sharpe  (1910).°  Wheeler  listed  30  spe- 
cies for  the  "Woods  Hole  Region,"  though  the  majority  of  these  were  recorded  only  from 
waters  lying  well  without  the  limits  of  the  region  considered  in  the  present  report.  Mr, 
Sharpe  examined  collections  taken  by  himself  in  the  tow  net  throughout  the  season  of 
1908,  as  well  as  material  which  had  already  been  gathered  by  the  schooner  Grampus 
and  by  Mr.  V.  N.  Edwards.  He  has  catalogued  60  spedes,  of  which,  however,  more 
than  half  are  extralimital. 

The  parasitic  copepods  of  this  region,  of  which  58  (+2?)  species  are  comprised  in 
our  catalogue,  have  been  listed  by  S.  I.  Smith  (in  Verrill  and  Smith,  1873),  R.  Rathbun 
(1884-1887),  M.  J.  Rathbun  (1905),  and  by  C.  B,  Wilson  in  a  seriesof  recent  papers.  We 
are  indebted  to  the  last-named  authority  for  examining  the  manuscript  of  our  annotated 
list  of  this  group,  as  well  as  for  furnishing  a  valuable  set  of  notes  which  have  been  incor- 
porated in  the  latter.     The  nomenclature  and  the  classification  adopted  are  his. 

Scarcely  any  copepods,  either  free  or  parasitic,  are  recorded  in  the  Canadian  cata- 
logue of  marine  invertebrates.  The  Plymouth  list  comprises  24  free-living  species  and 
one  parasitic.  Herdman  has  Usted  195  copepods  (chiefiy  free-living)  from  the  Irish 
Sea,  while  Graeffe's  catalogue  for  the  Gulf  of  Trieste  includes  56  free-living  copepods  and 
1 10  parasitic  species.  Here  again,  it  is  quite  unlikely  that  these  figures  are  at  all  indic- 
ative of  the  actual  wealth  of  the  copepod  fauna  at  the  respective  points. 

IV,  CIRRIPEDIA. 

Of  this  order,  17  species  are  listed  for  the  region,  though  two  of  these  are  included 
somewhat  doubtfully.  Of  these  only  two  (Baianus  ebumeus  and  B.  porcatus),  and  possibly 
a  third  (B.  crenalus),  have  been  taken  during  our  Survey  dredging.  Most  of  the  species 
listed  in  the  catalogue  have,  however,  been  collected  at  one  point  or  another  by  our 
parties.  One  species,  Chlhamaius  slellatus,  although  very  abundant  at  present,  seems 
to  have  escaped  the  notice  of  local  zoologists  and  had  not  apparently  been  recorded 
for  New  England  waters  until  attention  was  recently  called  to  it  by  one  of  the  present 
writers.'*  Another  (Baianus  tinlinnabulum)  had  not,  so  far  as  we  know,  been  definitely 
recorded  for  points  within  the  region.  This  last  is,  however,  an  exdtic  form,  and  is  not, 
probably,  to  be  included  in  our  fauna. 

Verrill  and  Smith  (1873)  listed  13  species  of  barnacles,  most  of  which,  however, 
were  not  recorded  from  definitely  indicated  points  within  the  limits  of  our  region.  All 
but  one  of  our  17  spedes  are  included  by  Miss  Rathbun  in  her  "List  of  the  Crustacea," 
though  not  in  all  cases  recorded  for  strictly  local  waters. 

Scant  attention  has  been  given,  however,  to  the  sessile  barnacles  of  our  coast,  and 
it  is  not  unlikely  that  further  studies  will  considerably  increase  the  number  of  known 
species.     Notwithstanding  this  probable  incompleteness  of  our  list,  it  will  be  seen 

oThcUst  of  Rbodc  Itland  (pedes  pn|ii»d  by  Williuns  <  igofi)  bos  not  b«ii  cunsideml  here,  ainic  the  ncordi  tcUtcmly  Co 
.  t;.  1909.    [S«  ilso  footDotc  OD  pB(c  19D  o(  this  icport ) 
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(p.  89)  that  a  greater  number  of  drripedes  have  been  catalogued  from  Woods  Hole 
than  from  any  of  the  other  stations  considered  in  our  table.  Only  10  spedes  each 
have  been  listed  by  Whiteaves,  Herdman,  and  the  Plymouth  laboratory,  while  15  have 
been  recorded  by  GraefFe.  Six  of  the  Canadian  spedes  and  4  of  those  listed  for  Plymouth 
are  common  to  our  Woods  Hole  catalogue. 

The  barnacles,  particularly  the  sessile  forms,  are  a  very  baffling  group  to  the  tax- 
onomist,  and  it  must  be  admitted  that  our  local  collections  have  not  recdved  the  treat- 
ment which  they  deserve.  During  the  greater  part  of  the  Survey  dredging  separate 
spedmens  were  preserved  from  each  station  at  which  bamades  were  taken.  A  large 
proportion  of  these  spedmens  were  immature,  many  others  were  waterwom  and  imper- 
fect. The  small  collection  made  during  the  summer  of  1903  was  examined  by  Dr.  H.  A. 
Pilsbry,  who  furnished  a  list  of  identifications  covering  this  earlier  period.  The  survey 
was  unable  to  obtain  theservices  of  this  spedalist  in  determining  the  barnacles  dredged 
during  the  subsequent  seasons  of  the  work."  This  task  was  finally  undertaken  by  the 
senior  author  of  this  report,  who  offers  his  results  with  considerable  reservation.  Atten- 
tion must  be  called  to  the  frequently  reiterated  statements  of  Darwin,  the  chief  monog- 
rapher of  this  group,  respecting  the  high  variabiUty  and  the  indefinite  limits  of  the 
spedes  of  Balanus.  As  evidence  of  the  impossibility  of  distinguishing  these  spedes  by 
ertemal  characters,  he  writes  (Mont^raph  of  the  Cirripedia,  vol.  n,  p.  187) :  "After  hav- 
ing described  nearly  40  spedes,  and  when  my  eye  was  naturally  able  to  appredate  small 
differences,  I  began  carefully  to  examine  varieties  of  B.  tintinnabidum,  amphilnie,  impro- 
visus,  porcatus,  vexlitus,  etc.,  without  even  a  suspicion  that  they  belonged  to  these  spedes, 
at  that  time  thoroughly  wdl  known  to  me."  It  must  be  added,  however,  that  the  case 
is  far  less  difficult  to  one  who  deals  with  a  very  few  spedes  occupying  a  very  hmited  area. 
Unless  certain  spedes  which  have  never  been  reported  from  the  Woods  Hole  Region  are 
nevertheless  common  here,  our  determinations  are  probably  correct  in  the  great  majority 
of  cases. 

By  far  the  larger  proportion  of  spedmens  coming  from  the  Survey  dredgings  which 
have  been  examined  have  been  referted  to  Balanus  eburneus.  Large  spedmens  of  this 
spedes,  found  upon  the  bottom  of  a  boat  and  elsewhere,  have  been  studied  caiefuUy, 
with  reference  both  to  the  internal  and  external  structure  of  the  shell.  The  same  careful 
examination  was  extended  to  certain  of  the  spedmens  coming  from  the  dredgings. 
None  of  the  latter,  however,  nearly  equaled  in  dze  the  examples  taken  from  woodwork 
in  shallow  water,  and  are  probably  for  the  most  part  immature.  The  longitudinal 
striation  of  the  terga  is  faintly  indicated,  or  altogether  wanting,  and  the  general  shape 
of  the  opercular  plates  differs  from  those  taken  from  adult  spedmens.  It  must  be 
confessed,  therefore,  that  general  appearance  and  the  process  of  eUmination  have 
led  us  to  our  dedsion  in  regard  to  most  of  these  spedmens.  They  are  obviously 
Dot  ^  be  referred  to  Balanus  balanoides,  for  they  have  a  shelly  base,  and  differ  in  other 
conspicuous  ways.  Moreover,  the  latter  spedes  is  strictly  intertidal  in  its  habitat. 
Nor  are  they  to  be  assigned  to  Balanus  crenatus,  B.  porcatus,  or,  indeed,  to  any  of  the 
other  spedes  which  have  thus  far  been  recorded  from  this  region.  At  least  one  source 
of  serious  confusion  seems  to  be  possible,  however.     Darwin  tells  us  that  "diagnosis 
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is  most  di£Qcult  without  long  practice"  between  immature  specimens  of  B.  ebwveus  and 
the  young  of  B.  improvisus.  According  to  both  Darwin  and  Gruvel,  the  latter  spedes 
is  recorded  from  Nova  Scotia  and  the  coast  of  the  United  States,  though  no  definite 
localities  are  stated.  Thus  it  does  not  seem  unlikely  that  this  spedes  occurs  in  our  local 
waters  and  that  it  may  have  hitherto  been  confused  with  Balanus  eburneus.  Barring 
this  posdbility,  however,  of  a  confusion  with  some  closely  similar  spedes  which  has 
not  been  recorded  from  local  waters,  it  is  probable  that  nearly  all  of  the  bamades 
dredged  by  the  Survey  are  to  be  assigned  to  Balanus  eburneus.  Acting  upon  this  suppo- 
sition, we  have  plotted  out  a  single  distribution  chart  based  not  only  upon  the  spedmens 
which  have  been  identified  as  Balanus  eburneus  but  upon  those  which,  owing  to  imma- 
turity or  poor  preservation,  could  not  be  identified  with  confidence,  The  two  sets 
of  records  have,  however,  been  separated  in  the  faunal  catalogue. 

The  chart  (84)  shows  us  that  this  spedes  is  of  general  occurrence  and  of  considerable 
abtmdance  throughout  both  the  Sound  and  the  Bay.  It  was  recorded  from  157  stations, 
or  somewhat  more  than  one-third  of  the  total  number  dredged.  The  spedmens  which 
were  dredged  were  commonly  attached  to  stones  or  shells,  very  frequently  to  shells 
which  were  occupied  by  hermit  crabs.  This  last  drcumstance  may  accotmt,  in  some 
measure,  for  the  very  general  distributicm  of  this  spedes  upon  the  local  sea  floor. 
Balanus  eburneus  occurs  at  all  depths  within  our  region,  even  extending  up  to  the 
ndghborbood  of  the  low-water  mark,  where  its  zone  overlaps  that  of  B.  balanoides." 

The  range  oi  Balanus  eburneus,  according  to  Darwin,  is  from  Massachusetts  ("about 
lat.  42°")  to  Venezuela  and  the  West  Indies.  It  thus  falls  within  the  class  of  southward- 
ranging  spedes. 

Barnacles  of  one  (perhaps  two)  other  spedes  were  dredged  by  us.  Large  spedmens 
of  Balanus  porcatus  were  taken  at  Crab  Ledge,  and  at  least  one  spedmen  of  this  same 
spedes  was  taken  in  Vineyard  Sound.  Other  worn  shells,  which  are  believed  to  be 
those  of  either  B.  porcatus  or  B.  crenatus,  were  dredged  on  several  occasions  in  the  Sound. 
The  latter  spedes  was  said  by  Verrill  to  be  "abundant"  in  Vineyard  Sound,  but  this  is 
directly  contradicted  by  our  own  experience,  though  we  have  found  it  growing  in 
considerable  numbers  upon  piles  at  Vineyard  Haven. 

.Above  low-water  mark  Balanus  balanoides  occurs  in  prodigious  profusion,  being 
one  of  the  most  abundant  and  conspicuous  members  of  our  littoral  fauna.  With  it 
upon  rocks  and  piles,  though  commonly  at  a  somewhat  higher  level,  is  to  be  found 
Ckthamalus  stellatus,  which  is  likewise  abundant  and  generally  distributed  along  our 
shores  locally. 

A  number  of  spedes  of  stalked  bamades  of  the  genera  Lepas  and  Conchoderma 
are  induded  in  our  list.  Several  of  these  spedes,  notably  Lepas  fascicularis,  L.  hiUi, 
and  L.  anaiijera,  are  sometimes  found  in  considerable  profusion.  They  are,  however, 
pelagic  organisms  which  find  their  proper  home  in  the  open  sea. 

■  We  bive  found  Bulnniu  halmaUtt.  B,  tbunimi,  B,  crtiwbu,  and  CUtanuItu  KdlaliH  (towioc  to(tdKt  on  ■  ddtle  piece  at 
Iwik  nmoved  Iram  ■  whmi  pile  Rt  Visrvud  Haven. 
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Locally,  at  least,  the  amphipods  are  by  far  the  most  abundant  of  the  Malacostraca, 
both  in  respect  to  the  number  of  individuals  and  of  species.  Seventy-one  detennined 
species  are  recorded  for  the  region,  to  which  number  must  be  added  6  which  are  listed  as 
undetennined  or  are  doubtfully  to  be  included  in  this  list.  These  spedes  belong  to 
54(  +  5?)  genera  and  22(  +  2?)  families.  Of  the  total  number  of  spedes  recorded,  35,  or 
about  one-half,  have  been  taken  during  our  own  dredging  operations;  26  others  have 
been  identified  from  shore  or  townet  collections  made  during  the  progress  of  the  survey; 
while  the  remainder  are  recorded  solely  upon  the  authority  of  published  statements. 

None  of  the  spedes  encountered  during  the  present  work  have  been  described  as 
new  to  sdence,  though  it  is  believed  that  the  collections  contain  one  or  more  unde- 
scribed  spedes.  About  nine  spedes  have  been  added  to  the  fauna  of  the  region  either 
through  our  dredging  operations  or  through  the  identification  of  material  in  the  posses- 
ion of  the  laboratory. 

Verrill  and  Smith  (1873)  listed  31  spedes  of  amphipods,  of  which  only  16  were 
determined  spedes  recorded  for  spedfied  localities  within  the  region.  Many  of  the 
others  must,  however,  have  been  observed  in  local  waters,  although  the  ranges  were 
stated  in  general  terms. 

Holmes  (1905)  lists  79  determined  spedes  of  amphipods,  some  of  which  were  first 
described  in  his  report  of  that  date.  From  this  number,  however,  must  be  deducted 
about  20  spedes  which  were  not  recorded  for  points  within  the  area  at  present  under 
condderation.  Miss  Rathbun,  in  her  "  List  of  the  Crustacea,"  indudes  over  100  spedes 
and  varieties  for  the  whole  of  New  England,  but  a  considerable  proportion  of  these  are 
extralimitai  as  regards  our  present  region. 

The  list  of  invertebrates  for  eastern  Canada  comprises  7o(  +  4?)  spedes  of  amphi- 
pods, a  number  almost  identical  with  our  own.  Of  these.  20  are  known  to  be  common 
to  the  two  lists.  The  Plymouth  catalogue  records  52  members  of  this  order,  of  which 
only  7  or  8  appear  to  be  common  to  our  Woods  Hole  faima.  Herdman  catalogues  129 
spedes  for  the  Irish  Sea,  while  Graeffe  lists  49(-l- 1  ?)  for  the  Gulf  of  Trieste. 

Since  the  amphipods  are  contained  very  largely  in  the  sand  and  mud  brought  up 
by  the  dredge,  the  completeness  of  the  record  for  any  region  depends,  of  course,  upon 
the  character  of  the  bottom  sample  obtained  and  upon  the  thoroughness  with  which  it 
is  subsequently  washed.  Thus  in  the  first  season  (1903)  few  amphipods  were  listed, 
owing  to  the  imperfect  methods  then  employed.  Another  possible  source  of  error  is  the 
likelihood  of  free-swimming  spedes  from  any  depth  bdng  caught  in  the  dredge  during 
the  passage  of  the  latter  through  the  water  after  leaving  the  bottom.  Thus,  some  of 
those  amphipods  which  constitute  at  times  such  an  important  dement  in  the  plankton 
may  figure  as  bottom  dwelling  spedes  in  the  records.  It  is  beUeved  that  cases  of  this 
sort  are  comparatively  few,  however,  owing  to  the  probability  that  these  free-swimming 
spedes  would  pass  out  through  the  meshes  of  a  dredge  net. 

With  a  few  exceptions  no  efi'ort  was  made  to  identify  the  amphipods  in  the  fidd, 
but  the  spedmens  from  each  station  were  preserved  for  future  determination.  For 
the  identification  of  many  of  these  we  are  under  obligation  to  Prof.  S.  J.  Holmes,  to  whom 
we  are  hkewise  indebted  for  a  critical  examination  of  our  check  list  of  amphipods.  The 
greater  part  of  the  work  of  identification  was,  however,  performed  by  Dr.  Cole.     A 
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large  collection  of  specimens  taken  by  Mr,  Edwards  vrith  the  tow  net,  or  gathered  by  the 
Survey  parties  during  the  shore  collecting,  has  been  identified  for  us  by  Dr.  B.  W. 
Kunkel.  A  few  of  the  readily  recognizable  forms  (e.  g.,  Unciola  irrorala)  were  frequently 
listed  in  the  field.  Unfortunately  during  the  first  season  all  the  Caprellidse  were  recorded 
by  the  collectors  as  "Caprella  geometrica."  Since  some  other  members  of  this  genus 
have  been  recorded  from  the  region,  and  particularly  since  the  allied  Mginella  longicornis 
is  found  with  great  frequency,  such  records  are,  of  course,  equivocal,  and  they  have  been 
changed  to  "Caprellidae  sp."  Later  dredgings  have,  however,  resulted  in  differentiating 
to  some  degree  the  distributions  of  these  species,  but  not  sufficiently  to  warrant 
our  plotting  out  a  separate  chart  for,  each.  We  have  consequently  prepared  a  dngle 
chart  showing  their  combined  distribution. 

On  the  average  i  .6  species  of  amphipods  are  recorded  for  each  of  the  Survey  dredge 
hauls.  The  species  found  to  have  the  most  general  distribution  was  Unciola  itrorata, 
which  was  taken  at  115  of  the  regular  dredging  stations.  No  other  member  was 
encountered  at  as  many  as  one-fourth  the  entire  number  of  stations. 

The  most  salient  fact  respecting  the  distribution  of  the  bottom-dwelling  amphipods 
in  local  waters  is  the  paucity  of  spedes  in  Buzzards  Bay  as  compared  with  Vineyard 
Sound.  In  fact,  of  the  19  species  for  which  distribution  charts  have  been  plotted,  only 
2  are  shown  to  be  of  greater  abundance  in  the  Bay,  while  not  more  than  2  others  seem 
to  be  present  in  about  equal  numbers  in  the  two  bodies  of  water.  We  may  for  con- 
venience group  the  species  as  follows  with  reference  to  their  comparative  abundance 
in  one  or  the  other  body  of  water. 

Sptciti  wholly  or  ehiefiy  reitricted  to  Vineyard  Somid. 

SmiDd  Biy 

Lysianopus  alba ii  3 

Raustoriiia  arenarius 11  : 

ByblU  serrata 16  4 

Calliapius Iteviusculus i;  o 

Pontogenia  inermis, 35  a 

Batea  secunda 34  i 

Gammarus  annulatus 9  i 

Elaamopus  Itevis 30  3 

?  Autonoi  smithi  (data  too  (ew) 11  5 

Amphithoe,  rabricata 31  9 

Jassa  mannorata , , .  16  i 

Ericthoniiu  minax *.....  31  i 

Coraphium  cylindricum 39  7 

£ginella  longicotnlsl 

CaprelU  geomtrica    f ' 

Specie!  chiefly  restricted  lo  Buizardt  Bay. 


Ampelisca  macroccphala. 
Ptilocheirus  piaguia 


Speciet  of  nearly  tinrestricUd  ditlribulion. 


Ampelisca  spinipes .  . 
Unciola  itrorata 
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With  the  exception  of  those  four  species  comprised  in  the  last  two  lists,  the  amphi- 
pods,  when  recorded  from  Buzzards  Bay  at  all,  were  nearly  always  taken  in  the  vidnity 
of  land,  i.  e.,  at  the  adlittoral  stations.  In  a  large  proportion  of  cases  the  Bay  stations 
were  near  the  passages  connecting  with  Vineyard  Sound,  or  close  to  the  lower  end  of 
the  Bay." 

On  the  other  hand,  even  within  the  Sound,  certain  species  are  found  not  to  have 
an  unrestricted  distribution.  For  example,  Haustorius  arenarius,  Byblis  serrald, 
Cailiopius  liEviuscidus,  Poniogenia  inermis,  and  Jassa  marmorala  are  in  large  degree 
restricted  to  the  western  half  of  the  Sound,  while  Lysianopsis  alba,  Batea  secunda,  and 
Autonoe  smilhi  are  for  the  most  part  restricted  to  the  eastern  half.  One  of  the  two 
predominantly  Bay-dwelling  species  {Ampelisca  macrocephala)  and  perhaps  also  the 
other  (PtUockeirus  pinguis)  appear  to  be  in  some  measure  restricted  in  the  Sound  to 
points  wheie  the  bottom  is  muddy.  The  difference  between  the  Bay  and  the  Sound 
in  respect  to  tneir  amphipod  faunas,  and  in  considerable  measure  the  local  distribution 
Hithin  each  of  these  bodies  of  water,  are  for  the  most  part  explainable  by  reference 
to  the  character  of  the  bottom.  Just  such  types  of  distribution  have  already  been 
encounteied  in  the  case  of  other  groups  and  need  not  be  discussed  here.  Certain  cases 
which  appear  to  be  explainable  by  reference  to  temperature  will  be  considered  shortly. 

An  interesting  feature  respecting  the  amphipod  life  of  the  Bay  and  the  Sound 
appears  when  we  consider  the  average  number  of  species  taken  per  dredge  haul  for 
each  body  of  water  and  for  each  vessel.    The  figures  are  as  follows: 

Vineyard  Sound: 

Fish  Hawk i,  8 

Phalarope i.  ^ 

Buzzards  Bay: 

Fish  Hawk 1,3 

Phalarope 1. 1 

While  these  figures  were  condderably  higher  for  the  Sound  stations  than  fortbe 
Bay  stations,  there  is  nothing  like  the  disproportion  which  might  have  been  expected 
in  view  of  the  fact  that  the  number  of  predominantly  Sound-dwelling  species  which 
were  shown  upon  our  charts  was  so  much  in  excess  of  (7X  times)  the  number  of 
predominantly  Bay-dwelling  species. 

Again,  the  average  number  of  species  per  dredge  haul  is  the  same  (1.6)  for  each  (rf 
the  three  types  of  bottom  distinguished.  And  when  we  consider  the  lists  erf  "preva- 
lent" species  for  the  various  groups  of  stations,  we  find  that  only  such  one  (Uvciola 
irrorala)  occurred  at  one-fourth  of  the  Vineyard  Soimd  stations  of  the  Fish  Havik, 
while  three  spedes  {Plylocheirus  pinguis,  Unciola  irrorala,  and  Ampelisca  macrocephala) 
occurred  at  an  equal  proportion  of  Buzzards  Bay  stations.  This  condition  seems  to  be 
only  explainable  on  the  supposition  that  while  the  number  of  spedes  which  inhabit 
Vineyard  Sound  is  greatly  in  excess  of  the  number  found  in  Buzzards  Bay,  such 
spedes  as  do  occur  in  the  latter  are  of  much  more  general  prevalence  throughout  its 
extent.     A  discussion  of  similar  phenomena  has  already  been  given  in  chapter  iii. 

Two  apparent  cases  of  distribution  in  relation  to  temperature  are  Cailiopius  kevius- 
ctUus  and  Poniogenia  inermis,  which  occur,  so  far  as  our  dredging  records  show,  primarily 

■  In  ■omeaKt.  iut  vitluiit.    Htnud  datwhtra  mitau  li«t  b«*B  d»nf  rl «  B»y  or  Sound  ttatiam  whkh  l»y  cm  the  Biy 
■r  SmniJ  tide^  ropcctiTity.  of  Sow  nd  Pia  Rtd.  ottadnu  tram  the  end  ol  Cultyhunk  IiUnd. 
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in  the  colder  region  of  tbe  Sound.  Botti  of  these  are  predominantly  northern  species, 
as  will  be  seen  by  reference  to  the  table  on  page  i35,giving  the  ranges  of  some  of  the  local 
amphipods.  It  must  be  added,  however,  that  the  first  species  is  taken  throughout  the 
year  in  the  surface  tow  at  Woods  Hole  and  has  been  collected  along  shore  at  various  local 
points  even  in  midsummer.  In  the  case  of  two  other  species,  Byhtis  serrala  and  Hans- 
tonus  arenarius,  there  appears  to  be  likewise  to  some  extent  a  preference  for  the  western 
extremity  of  Vineyard  Somid.  Neither  of  these,  so  far  as  known,  are  predominantly 
northern  species,  and  it  is  likely  that  the  character  of  the  bottom  is  the  determining 
factor  in  their  distribution,  particularly  since  Hauslorius  is  known  to  be  abundant  on 
sand  flats  near  shore.  Its  preference  for  the  western  portions  of  the  Sound  is  thus  com- 
parable with  that  of  the  lady  crab,  Ovatipes  ocellatus.  A  few  species,  on  the  other  hand, 
appear  from  our  rather  meager  records  to  occur  predominantly  in  the  warmer  waters 
d  the  region.  Such  are  Lysianopsis  aiba,  Balea  secunda,  and  Auionoe  smithi.  All  of 
these  have  been  recorded  only  for  the  immediate  ndghborhood  of  Woods  Hole,  and 
their  general  distribution  is  unknown.  Little  stress  is  to  be  laid  upon  any  of  these 
cases,  however,  especially  since  a  number  of  other  species  which  here  reach  their  north- 
ern or  their  southern  limit  are  distributed  locally  without  any  apparent  reference  to 
temperature. 

Amphithoe  rubricala  alone,  among  those  species  whose  distributions  have  been 
plotted  with  any  degree  of  completeness,  seems  to  be  restricted  to  the  littoral  and 
adUttoral  zones.  It  is  recorded  chiefly  from  the  inshore  stations  dredged  by  the  Pha- 
larope  and  Blue  Wing,  and  the  comparatively  few  Fish  Hawk  stations  at  which  it  was 
taken  are  all  in  the  neighborhood  of  land. 

The  following  amphipods  were  recorded  during  the  Survey  dredging,  those  taken 
at  ID  or  more  stations  being  deagnated  as  usual  by  an  asterisk : 


TTalorchesUa  megalophthalnia  (perhaps  not  from 
bottom). 

Auonyx  nobilis  (generic  name  questionable). 
'Lynanopsis  alba  (chart  85). 
'Haustorius  arenarius  (chart  86). 

Pboxocephalus  holboUi. 

Paraphoxus  spinosus. 
'Ampelisca  inacrocephala  (chart  87). 
"Ampelisca  apinipes  (chart  88). 
"Byblis  serrata  (chart  8g). 

StenotboC  miniita. 

Sympleustea  latipes. 
*Calliopiu9  Isviiuculiu  (chart  90). 
*Pontogenia  inermb  (chart  gi), 

Dexamine  thea. 
*Bate3  secunda  (chart  9a). 

Gammarus  lociuta. 
^Ganunanis  annulatus  (chart  93). 


■Elasmopus  Is  vis  (chart  94). 

Gammarellus  an^losus. 

Microdeutopiu  danmoniensis. 
"Autonofi  smith)  (chart  95). 
•Ptilocheirus  pinguis  (chart  96). 

Podoceropsis  nitida. 
"Amphithoe  rubricata  (chart  97), 

Amphithoe  longimana. 

SunampbithoC  pelagica. 

IschyroccTus  anguipes. 
*JaMa  marmorata  (chart  98). 

Grubia  compta. 

Ericthonius  rubricomis. 
*Erlcthonius  minax  (chart  99). 
"Coropbium  cylindricum  (chart  1 
'Unicola  irtorata  (chart  loi). 
*£ginella  longicomisl 
"Caprella  geometrical 


chart  101, "CaprelUdteq>."). 
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The  19  commonest  spedes  of  amphipods  are  bercmth  grouped  with  reference  to  tbdr 
known  range  upon  our  coast.    The  ranges  stated  are  those  given  by  Holmes  (1905). 

NoflkwaTd  Tanging. 

Ampeluca  tnacroccplula OS  Halifax  to  Newport. 

Calliopiua  Iseviusculus Greenland  to  Nairagansett  Bay. 

IVnttogenia  meimis Arctic  Ocean  ta  Vineyard  Sound. 

Ptilocheirus  pii^ub Labrador  to  New  England. 

AmphithoC  rubricata Labrador  to  Newport. 

Unciolii  irrorata Greenland  to  New  Jersey. 

Sginella  longicomis Greenland  to  Narragansett  Bay. 

Soulkitatd  ranging. 

?Haustorius  arenarius Cape  Cad  to  Georgia,  Norway,  Britiali  Isles. 

Elasmopus  Ikvis Ptovincetown,  Uass.,  to  New  Jersey. 

Ericthonius  minax Vineyard  Sound  to  Great  Egg  Harbor,  N.  J. 

Corophium  cylindricum Provincetown,  Hasa.,  to  New  Jersey. 

Caprella  geometries Smithem  coast  of  New  England  to  Virginia. 

Of  uncertain  posiiion. 

Lysianopsb  alba Woods  Hole. 

Ampelisci  spinipcs Lang  Island  Sound.  Woods  Hole.    (Korwsy.) 

Byblis  serrata Woods  Hole,  Newport. 

Batea  secunda Woods  Hole. 

Gammarus  annulatus Vineyard  Sound,  Gloucester. 

Autonoe  smitbi Vineyard  Sound  and  Buzzards  Bay. 

Jassa  maimorata Woods  Hole  region. 

Thus  there  seems  to  be  a  slight  excess  of  nortbem  over  southern  species  among 
those  19  amphipods  which  we  have  dredged  most  frequently.  Little  importance  is  to 
be  attributed  to  this  fact,  however,  in  considering  which  element  is  preponderant  in 
our  fauna,  particularly  since  for  more  than  one-third  of  these  commoner  spedes  the 
range  is  not  known  with  any  degree  of  completeness. 

VI.    ISOPODA. 

This  order  is  represented  in  the  local  fauna  by  25  or  more  species,  of  which  10 
were  recorded  from  otir  dredging  stations  and  at  least  7  more  were  taken  by  col- 
lectors from  the  laboratory  during  the  progress  of  the  Survey.  One  of  these  (Erick- 
soneUa  atlenitala)  is  here  recorded  for  the  first  time  for  this  region. 

Our  knowledge  of  this  group  in  New  England  waters  is  due  chiefly  to  the  labors 
of  O.  Harger  and  Dr.  Harriet  Richardson.  To  the  latter  authority  we  are  indebted 
for  the  identification  of  some  of  our  earlier  spedmens,  though  the  greater  part  of  the 
material  was  determined  by  Dr.  Osbum.  The  nomenclature  employed  by  Miss  Rich- 
ardson has  been  adopted  by  us  without  modification. 

Twenty-one  spedes  of  isopods  were  listed  by  Harger  in  the  "Invertebrate  Animals 
of  Vineyard  Soiuid,"  of  which  only  a  small  proportion  were  at  that  time  recorded  for 
definitely  stated  points  within  the  limits  of  the  region.  In  a  later  paper  (:88o)  the 
group  was  treated  much  more  fully  by  this  writer. 
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The  Canadian  list  of  Whiteaves  records  about  the  same  number  of  isopods  (26)  as 
have  been  listed  for  Woods  Hole,  Of  these,  nearly  half  (12)  are  common  to  the  two 
lists.  A  somewhat  greater  number  (30)  is  comprised  in  the  Plymouth. list,  of  which 
only  5  appear  to  be  common  to  our  local  fauna.  Twenty-four  spedes  have  been 
recorded  by  Herdman  for  the  Irish  Sea,  while  Graeffe  lists  51  spedes,  some  of  which, 
however,  are  terrestrial. 

The  representation  of  this  order  in  our  dredgings  is  very  slight.  The  figure  repre- 
senting the  average  number  of  spedes  per  dredge  haul  is  only  0.4,  while  not  a  ^ngle 
species  was  taken  with  sufficient  frequency  to  occur  at  one-fourth  or  more  of  the  sta- 
tions. The  spedes  having  the  widest  o<x:urrence  was  Idothea  pkosphorea,  which  was 
taken  at  73  of  the  regular  stations. 

Only  four  spedes  of  this  order  were  dredged  by  us  with  any  frequency,  and  one 
of  these  {Idotkea  baJtica)  probably  finds  its  more  proper  habitat  among  rockweed  and 
eelgrass,  whether  growing  alongshore  or  floating  at  the  surface.  It  is  thus  possible 
that  all  of  the  spedmens  which  were  dredged  by  us  actually  came  from  floating  material 
of  this  sort." 

One  of  the  other  species,  Leptochelia  savignyi  was  only  taken  at  11  stations,  and 
these  were  all  inshore  stations  of  the  Phalarcpe  series.  The  spedes  is  abundant  among 
floating  weed,  upon  piles,  etc.,  and  probably  does  not  bdong  to  our  deeper  water  fauna. 

The  two  remaining  spedes  {Idolhea  phospfwrea  and  Ericktonella  filiformis)  appear 
with  considerable  frequency  in  our  dredging  records.  Of  these  the  latter  appears  to  be 
of  pretty  general  distribution,  occurring  with  nearly  the  same  relative  frequency  in  the 
Bay  and  the  Sound,  while  the  former  is  in  a  large  degree  restricted  to  the  Sound,  appear- 
ing in  the  Bay  records  only  from  stations  near  the  lower  end,  in  the  vicinity  of  land.' 


Isopodt  drtdged  by  the  Sun>ty. 


'Leptochelia  aavignyi  (chart  103). 

Cirolana  concbanim. 

Giiridotea  ccEca. 

Idothea  metallica. 
"Idothea  baltica  (chart  104). 


'Idothea  phosphorea  (chart  103). 

Edotea  acuta. 

Edotea  montosa. 
'Erichsonella  filifonnis  (chart  to6). 

Stegophryxus  hyptius. 


Of  the  four  commoner  spedes,  one  {Idolhea  pkosphorea)  may  be  regarded  as  pre- 
dominantly northern,  having  a  range  upon  our  coast  which  is  stated  by  Miss  Richardson 
as  "coast  of  New  England  to  Halifax,  Nova  Scotia,  and  the  Gulf  of  St.  Lawrence." 

Two  of  the  spedes  may  be  regarded  as  predominantly. southern,  as  follows: 

Leptochelia  savignyi Provincetown,  Mass.,  to  aouthem  New  Jeney  (England  to  Senegal). 

Erichsonetla  filiformis Nantucket  Sound  to  Florida  and  the  Bahamas. 

One  of  the  species  {Idothea  baltica)  may  be  regarded  as  cosmopolitan,  having  been 
recorded  from  points  as  widely  removed  as  Java  and  the  Baltic  Sea.  On  our  coast  it 
is  said  to  range  "from  Nova  Scotia  and  Gulf  of  St.  Lawrence  to  North  Carolina." 

•  Miss  Rictaardina  tiva  thf  tuthrnutrlc  ruigc  ol  thii  •pecia  u  "nirlaats  iiglMboou." 
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VII.    SCHI7X)PODA,  CUMACEA,  STOMATOPODA. 

Little  attention  has  been  given  to  the  local  representatives  of  the  first  of  these 
groups  since  the  work  of  S.  I,  Smith  in  1879,  The  majority  of  the  determined  species 
of  Schizopoda  in  our  list  are  included  solely  upon  the  authority  of  Prof,  Smith  and 
of  Miss  Rathbun.  Schlzopods  teem  in  the  local  plankton  at  certain  seasons  of  the 
year,  and  specimens  are  occasionally  taken  in  the  dredge,  though  it  is  not  at  all  certain 
that  such  specimens  are  actually  brought  up  from  the  bottom.  Only  one  species  from 
our  dredging  collections  (Nyctiphanes  norvegica)  has  been  definitely  identified,  since  we 
have  unfortunately  been  unable  to  find  anyone  who  would  undertake  the  task  of 
detennining  our  local  Schizopoda.  It  will  be  seen  that  this  order  has  a  greater  repre- 
sentation in  each  of  the  foreign  lists  which  have  been  summarized  in  our  comparative 
table.     In  the  Plymouth  list,  indeed,  the  number  is  nearly  five  times  as  great. 

Members  of  the  order  Cumacea  are  rather  common  in  the  Woods  Hole  plankton, 
and  have  occasionally  been  met  with  during  the  dredging.  Dr.  W.  T.  Caiman  (1912) 
has  recently  prepared  a  report  upon  the  Cumacea  of  the  U.  S.  National  Museum. 
Eight  of  these  species  arc  recorded  from  definite  points  within  the  Woods  Hole  Region, 
two  of  them,  indeed,  being  described  from  specimens  obtained  locally.  One  determined 
species  {Leptocuma  minor)  was  taken  during  the  Survey  dredging. 

The  Stomatopoda  are  represented  in  our  waters  by  three  spedes,  of  which  only  one 
(the  common  "Squilla")  is  at  all  familiar.  None  of  these  species  occur,  however,  in 
the  dredging  records. 

VIII.    UECAPODA. 

This  group,  comprising  the  largest  and  most  familiar  of  our  Crustacea,  is  represented 
locally  by  55  species,  including  four  which  are  listed  doubtfully.  These  are  assignable 
to  20  families  and  37(-|- 2?)  genera.  Of  the  total  number  of  species  Hsted  by  us,  a7{  +  2p), 
or  almost  exactly  one-half,  were  taken  during  the  survey  dredging.  Many  others  were 
collected  by  our  parties  along  shore,  upon  gulfweed,  or  elsewhere,  while  a  few  are 
recorded  wholly  on  the  authority  of  previous  writers.  Several  of  the  species  {Portunus 
ordwayi,  Arerusus  crihrarius,  Palamon  tenukornis,  and  perhaps  Dissodactylus  vwUilte) 
had  not,  so  far  as  we  know,  been  previously  listed  for  the  shores  of  New  England. 

The  published  sources  of  information  respecting  the  occurrence  of  this  group  are 
many.  The  chief  contributors,  so  far  as  our  New  England  species  are  concerned,  have 
been  S.  I.  Smith  and  M.  J.  Rathbun. 

Smith,  in  the  "Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound,"  listed 
36  species  of  decapods,  of  which  not  over  a  third  were  definitely  recorded  for  specified 
points  within  the  region,  while  at  least  5  were  extralimital. 

In  her  "List  of  the  Crustacea"  ("Fauna  of  New  England"  series).  Miss  Rathbun 
has  included  all  but  four  of  the  decapods  comprised  in  our  own  list,  together  with  many 
others  which  are  peculiar  to  more  northern  waters, 

Whiteaves  lists  34  decapods  for  the  waters  of  eastern  Canada,  of  which  12  are 
common  to  the  Woods  Hole  region.  The -Plymouth  catalogue  contains  71  representa- 
tives of  this  order,  of  which  only  3  appear  to  be  common  to  our  Woods  Hole  fauna. 
Herdman  lists  61  decapods  for  the  Irish  Sea,  while  73  are  comprised  in  Graeffe's  catalogue 
for  the  Gulf  of  Trieste. 
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Most  of  tbe  decapods  collected  by  us,  being  of  lai^e  size  and  having  rather  obvious 
spedfic  distinctions,  were  listed  with  full  confidence  in  the  field.  The  others  were,  for 
the  most  part,  referred  to  Miss  M.  J.  Rathbun,  to  whom  we  are  likewise  indebted  for 
criticizuig  our  check-list  of  local  decapods  and  for  information  generously  given  through- 
out the  progress  of  this  work.  To  Dr.  R.  P.  Bigelow  we  are  indebted  for  the  identifica- 
tion of  a  number  of  specimens  collected  during  tbe  first  season  of  tbe  dredging  work. 

Errors  due  to  the  confusion  of  one  spedes  with  another  in  our  dredging  records  are 
probably  negligible  in  extent,  excepting,  perhaps,  such  as  may  relate  to  tbe  small  crabs 
of  Panopeus  group  (now  split  into  several  genera).  Upon  this  point  the  reader  is 
referred  to  the  statements  made  under  the  head  of  Eurypanopeus  depressus,  Neopanope 
iexana  sayi,  and  Hexapanopeus  angustijrons  in  the  annotated  list.  It  seems  possible 
that  specimens  identified  by  the  collectors  as  "Panopeus  sayi"  were  in  some  cases 
referable  to  one  of  the  other  species.  It  is  probable,  however,  that  the  great  majority 
of  these  crabs  actually  belong  to  the  species  last  named,  since  none  of  tbe  others  are 
comparable  with  it  in  respect  to  frequency  of  occurrence.  The  examination  of  a 
lai^e  number  of  our  specimens  by  Miss  Rathbun  indicates  that  Eurypanopeus  deptessus 
is  at  present  comparatively  rare  in  these  waters,  being  by  no  means  the  common  spedes 
which  one  would  infer  it  to  be  from  the  statements  of  Smith, 

The  average  number  of  spedes  of  decapods  recorded  by  us  from  tbe  458  regular 
stations  of  the  Survey  is  3,5  per  dredge  haul.  By  far  tbe  most  prevalent  single  spedes 
was  Pagurus  longicarpus,  which  was  recorded  from  290,  or  over  60  per  cent,  of  the 
stations.  Those  spedes  which  were  dredged  at  one-fourib  or  more  of  the  total  number 
of  stations  (arranged  in  order  of  frequency)  are : 

Pagurus  longicarpus , .  190 

Cancer  irroratus 109 

Pagunis  anuulipes 196 

I^binia  ema^nata igi 

Crago  septetnspinoaiu .  169 

Neopanope  texana  sayi 143 

For  tbe  various  groups  of  dredging  stations  and  for  the  various  types  of  bottom 
the  averages  are  surprisingly  uniform.  The  following  figures  are  taken  from  the  tables 
on  pages  78  and  79 ; 

Vineyard  Sound: 

Fish  Hawk 3.8 

Phalarope 3.  a 

Buzzards  Bay: 

Fish  Hawk 3.4 

Phalarope 3.  3 

Type  cJ  bottom: 

Sand 3.  S 

Stones  and  gravel 3.  S 

Mud 3.6 

Tbe  lists  of  "prevalent"  spedes  for  these  different  groups  of  stations  are  likewise 
surprisingly  uniform  in  respect  to  the  spedes  comprised.  Of  the  6  spedes  listed  for 
one-fourth  or  more  of  the  total  number  of  stations,  3  appear  in  all  seven  of  the  lists 
of  "prevalent"  spedes;  2  others  appear  in  all  but  one  of  these  lists,  while  the  remaining 
spedes  appears  in  five  of  the  seven  lists.  The  lists  of  "prevalent"  spedes  for  the  three 
types  of  bottom  comprise  5  spedes  each.     Of  these,  4  are  common  to  all  three  lists. 
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Of  the  13  species  for  which  distribution  charts  have  been  presented,  8  are  of  more 
or  less  general  occurrence  throughout  the  Sound  and  the  Bay,  so  that  their  distribution 
bears  little  apparent  relation  to  the  character  of  the  bottom.  For  this  reason  no  such 
sharp  division  between  Bay-dwelling  and  Sound-dwelling  species  can  be  made  here,  as 
was  possible,  for  example,  with  the  Amiulata.  The  species  whose  distribution  is  most 
clearly  determined  by  the  nature  of  the  bottom  is  the  "lady  crab,"  Ovalipes  ocellalus. 
It  will  be  seen  from  the  chart  that  this  crab  is  for  the  most  part  restricted  to  the 
western  half  of  Vineyard  Sound,  where  the  bottom  is  known  to  condst  for  the  most 
part  of  clear  sand.  That  this  peculiarity  in  the  distribution  of  Ovalipes  is  related  to 
the  character  of  the  bottom  is  shown  by  the  fact  that  it  was  dredged  by  us  several 
times  near  the  head  of  Buzzards  Bay,  i.  e.,  in  the  warmest  waters  of  the  region,  while 
it  is  a  matter  of  common  knowledge  that  this  species  frequents  sandy  bottoms  in 
shallow  water. 

Other  species  which  appear  upon  the  chart  as  restricted  wholly  or  chiefly  to 
Vineyard  Sound  are  Ptnnolheres  maculatus.  Cancer  borealis,  Pelta  muttca,  and  Pagnrus 
acadianus.  The  first  of  these  is  commensal  in  the  mussels,  Modiolus  modiolus  and 
Mytiins  edulis  and  in  the  common  scallop,  Pecten  gibbus.  The  distribution  is  thus 
dependent  upon  that  of  the  hosts.  The  most  frequent  host.  Modiolus  modiolus,  was, 
however,  very  scarce  in  Buzzards  Bay,  while  Mytilus  was  found  living  only  near  the 
lower  end.  The  occurrence  of  this  spedes  in  the  dredging  records  is  likewise  dependent,- 
of  course,  upon  whether  or  not  the  mussels  from  a  given  station  were  opened  and 
examined  for  the  crabs.  This  was  probably  done  more  commonly  in  Vineyard  Sound 
than  in  Buzzards  Bay.  Pinnotheres  has  been  taken  by  us  at  two  supplementary  stations 
in  the  Bay,  on  one  occasion  in  Pecten,  on  the  other  in  Modiolus. 

Cancer  borealis  was  recorded  from  only  one  regular  station  in  the  Bay,"  and  its 
occurrence  there  is  certainly  infrequent.  It  is  most  common  at  the  western  end  of 
Vineyard  Sound,  though  taken  sparingly  throughout  its  length.  The  absence  of  this 
species  from  the  Bay  is  probably  due  in  part,  at  least,  to  the  temperature  factor. 

Pelia  muHca  is  much  less  common  in  the  Bay  than  in  the  Sound,  and  its  occurrence 
in  the  former  is  restricted  mainly  to  the  inshore  stations.  The  distribution  of  this 
species  displays  certain  other  peculiarities  which  will  be  discussed  under  the  head  of 
temperature. 

Pagurus  acadianus  was  not  recorded  once  from  the  Bay,  nor  indeed  was  it  recorded 
from  the  eastern  halt  of  Vineyard  Sound.  Here,  too,  temperature  rather  than  bottom 
seems  to  be  the  determining  factor. 

As  is  well  known,  the  distribution  of  many  of  the  littoral  species  of  decapods  is 
conditioned  by  the  character  of  the  shore.  Certain  forms  (e.  g.,  the  fiddler  crabs)  are 
chiefly  confined  to  muddy  situations;  others  {Paiamoneles  vulgaris  and  Hippolyie 
zostericola)  are  found  mainly  in  the  beds  of  eel  grass,  while  the  common  "Hippa"  burrows 
in  the  sand  at  low-tide  mark,  etc.  It  is  therefore  rather  surprising  to  find  how  few  of 
the  deeper  water  species  are  distributed  in  accordance  with  the  character  of  the  bottom. 

Much  more  striking,  on  the  other  hand,  are  the  examples  of  distribution  in  accord- 
ance with  temperature.  While  many  of  our  species  display  no  restriction  whatever  in 
relation  to  this  factor,  certain  others  are  pretty  definitely  limited  to  the  colder  waters 
of  the  region,  while  others  still  appear  to  avoid  these  colder  waters,  although  elsewhere 
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of  general  distribution.     These  types  will  be  conddered  separately.     The  ranges  here 
stated  have  been  furnished  by  Miss  Rathbun. 

species Jound  predominantly  in  the  colder  vnterj. 

Pagurus  acadianus .From  the  Grand  Bank  irf  Newfoundland  to  the  moutli  of  Chesapeake 

Bay. 
Cancer  borealis Nova  Scotia  to  deep  water  off  South  Carolina. 

Considering  the  range  in  latitude  alone,  it  is  questionable  whether  we  may  fairly 
assign  either  of  these  species  to  the  "northern"  group.  In  both  cases,  however,  it  is 
posdble  that  their  occurrence  in  southern  waters  is  restricted  to  condderable  depths. 

Two  other  species  (not  plotted)  which  were  taken  by  us  only  at  the  open  ends  of 
Vineyard  Sound  and  Buzzards  Bay  and  at  Crab  Ledge  are  Hyas  coarciatus  and  Pandalun 
leplocerus.  These  may,  perhaps,  be  regarded  as  predominantly  northern  species,  though 
they  are  recorded  (depth  not  stated)  for  points  far  to  the  southward  on  our  coast. 

Species  which  seem  to  avoid  the  colder  -waters,  though  elsewhere  of  general  occurrence. 

Pa^urus  annulipes Nantucket  Sound  to  Indian  River,  Fla. 

Felia  mutica .Vineyard  Sound  to  West  Florida. 

Neopanope  texanasayi , , ,  Provincetown  to  East  Florida. 

Another  species,  Pagurus  poUicaris,  might  perhaps  be  added  to  this  list.  This 
hermit  crab,  it  will  be  seen,  was  not  recorded  from  the  stations  at  the  extreme  western 
end  of  Vineyard  Sound,  though  elsewhere  prevalent.  The  case  is  not  so  striking,  how- 
ever, as  those  mentioned  previously.  The  range  of  this  latter  spedes  is  said  to  extend 
from  Cape  Cod  Bay  to  South  Carolina. 

None  of  these  four  species  are  recorded  by  us  from  Crab  I^ge.  All  show,  or  appear 
to  show,  an  avoidance  of  the  coldest  waters  of  Vineyard  Sound,  and  all  are  predomi- 
nantly southern  in  their  distribution  upon  our  coast.  It  seems  quite  likely,  therefore, 
that  temperature  has  been  the  factor  respondble  for  the  peculiarities  in  their  local 
distribution. 

Mention  may  appropriately  be  made  here  of  certain  species  from  southern  waters 
which  do  not  properly  belong  to  our  local  fauna  at  all.  Among  these  are  four  crabs 
{PlaiKS  minulus,  Porlunus  sayi,  Portunus  ordviayi,  and  Aren^us  crihrarius)  and  two 
shrimps  (PetuEus  brasUunsis  and  Latreutes  ensiferus).  In  nearly  all  cases  these  species 
have  been  found  upon  the  floating  gulfweed  {Sargassum  bacciferum),  which  is  the  home 
of  so  many  waifs  from  the  far  south. 

On  the  other  hand,  several  shrimps  of  the  genus  Spironiocaris,  which  are  known  to 
be  representatives  of  a  northern  fauna,  have  only  been  taken  from  the  outlying  colder 
waters  of  the  region.         ' 

Very  few  species  among  those  dredged  by  us  showed  any  evident  restrictions  as  to 
depth.  This  statement  does  not  hold,  however,  for  Ovalipes  ocellatus,  Cancer  borealis, 
and  Pagurus  acadianus.  All  of  these  were  dredged  most  frequently  at  depths  of  lo 
fathoms  or  more,  despite  the  comparatively  small  number  of  dredging  stations  at  which 
such  depths  were  recorded.  Ovalipes,  as  we  have  seen,  is  by  no  means  to  be  regarded 
as  a  deep-water  crab,  since  it  is  known  to  be  common  on  sand  flats  in  shallow  water. 
The  greater  average  depth  of  the  stations  from  which  it  was  recorded  results  from  its 
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prevalence  in  the  middle  of  the  Sound  near  the  western  end.  Tfae  bottom  faere  is  largely 
of  clean  sand  and  many  typical  sand-dwelling  species,  such  as  Echina^achnius  parma 
and  various  flounders,  consequently  flourish  in  this  area.  Cancer  borealis  and  Pagurus 
acadianus,  on  the  other  hand,  arc  probably  limited  to  the  deeper  waters  on  account  of 
the  lower  temperatures  prevalent  there.  The  latter  species  was  taken  only  four  times 
by  the  Phaiarope,  though  dredged  at  41  of  the  Fish  Hawk  stations  in  Vineyard  Sound; 

Among  our  local  decapods  we  find  a  number  of  cases  where  interesting  differences 
of  habitat  are  displayed  by  the  various  species  within  a  genus.  Only  a  few  such  may 
be  mentioned  here.  The  diS'erences  in  habitat  shown  by  the  two  local  members  of  the 
genus  Cancer  have  already  been  referred  to.  These  differences  seem  to  relate  to  tem- 
perature, depth  (if  this  is  really  an  independent  factor),  and  perhaps  to  character  of 
bottom.  One  Lt&tnta  (L.  emarginata)  is  of  almost  universal  occurrence  throughout 
both  the  Bay  and  the  Sound;  the  other  (L,  dvbia)  appears  to  be  restricted  to  shallow, 
inclosed  waters.  Although  it  is  known  to  be  abundant  at  some  of  these  points,  we  do 
not  have  a  single  authentic  recxtrd  of  its  occurrence  in  the  dredgings."  The  difference 
displayed  by  the  various  local  representatives  of  the  genus  Pagurus  have  likewise  been 
discussed  in  another  connection.  The  almost  complementary  character  of  the  distribu- 
tion patterns  for  P.  acadianus  and  P.  annulipes  is  especially  to  be  noted. 

The  following  decapods  were  taken  with  the  dredge  during  the  operations  of  the 
Survey.  The  asterisk,  as  usual,  denotes  spedes  which  were  recorded  from  10  or  more 
dredging  stations.     For  all  of  these,  charts  have  been  plotted. 


Pandalus  montagui. 

Pandalus  leptocenis. 

fiippolyte  lostericola. 

Spinmtocaiia  grcenlandica. 

Spirontiicaris  pusiola. 
"Crago  septemspinosus  (chart  107). 
"Homarus  americanus  (chart  loS). 

Callianassa  stimpsoni. 
"Pagurus  pollicaris  (chart  109). 
"Pe^utus  acadianus  (chart  no). 
"P^unis longicarpus (chart  in). 

Pagurus  kroyeri . 
'Pagunis  annulipes  (chart  iia). 

HetetDcrypta  granulata. 

Hyas  coarctatus. 

Grouping,  as  usual,  the  more  prevalent  species  according  to  the  extent  of  their 
known  range  upon  our  coast,*  we  have — 

Prtdominantly  norlhernformi. 

Homanis  americanus Labrador  to  New  Jersey. 

Pagurus  acadianus Grand  Bank  of  Newfoundland  to  the  mouth  of  Chesapeake  Bay. 

(Northern?). 

»  A  lew  HiuII  ipedmou  wen  Uiui  idcnUGnl  at  &m.  but  hirttaa-  ([Dite  antnsvt  mlkctiiic  hu  thnnm  dmbt  upoa  Umw 
*  We  u«  Indebted  toHiuRalhbun  lor  tbeie  lUtanenu  u  to  nnie. 


*Pelia  mutica  (chart  113). 
*Libinia  emalginata  (chart  114). 
?Libinia  dubia  (very  young). 
*Cancer  irroratus  (chart  115). 
"Cancer  borealis  (chart  iiG). 
?CaIlinecte5  sapidus  (fragment). 
•Ovalipcs  ocellatus  (chart  117). 

Fanopeus  herbstii. 
*Neopanape  texana  sayi  (chart  iii 

Hexapauopcus  angustifnuis. 
*PinDatherea  niaculatus  (chart  11; 

Pinnixa  chtetopterana. 

Pinnixa  sayana. 

Dis3odact>'lus  metlitte. 
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Predominantly  southern  forms, 

Pagurus  pollicaris Cape  Cod  Bay  to  Soutb  Carolina. 

Pagtirtis  loQgicarpus Cape  Ann,  Mass.,  to  Texas. 

Pagurus  annulipes Nantucket  Sound  to  Florida. 

Pelia  mutica Vineyard  Sound  to  West  Florida. 

Libinia  emarginata Casco  Bay  to  West  Florida. 

Ovalipes  ocellatus , .  Province  town  to  the  Gulf  of  Mexico. 

Neopanope  texana  sayi Provincetown  to  East  Florida. 

J^nnotheres  niaculatus Cape  Cod  to  Texas. 

Of  approximalely  equal  range  north  and  south. 

Craga  septetnspinosus East  Florida;  Arctic  Alaska. 

'Cancer  irroratus Labrador  to  South  Carolina. 

Cancer  borealis From  Nova  Scotia  to  deep  water  oS  South  Carolina. 

Thus,  as  in  the  case  of  the  Annulata  and  indeed  of  the  majority  of  other  groups,  the 
cotnmoner  local  Decapoda  are  predominantly  southward  ranging  species,  while  only  two 
of  them  are  to  be  regarded  as  predominantly  northern.  Of  these  two,  indeed,  one  is 
only  doubtfully  so  clasd&ed,  while  both  of  them  occur  far  to  the  southward  of  the  Woods 
Hole  region.  The  inclusion  of  various  stragglers,  both  from  the  north  and  south,  would, 
of  course,  increase  both  lists,  but  much  the  same  proportions  would  probably  be  main- 
tained. 

IX.    XIPHOSURA. 

This  order  has  been  established  to  include  the  genus  LimtUus,  a  group  of  organisms 
having  both  crustacean  and  arachnidan  afGnities.  Limuius  polyphemus,  our  only 
American  species,  was  very  seldom  taken  during  the  survey  dredgings,  being  primarily 
a  shallow-water  animal.  With  respect  to  its  distribution,  it  is  predominantly  a  south- 
ward-ranging form,  occurring,  according  to  Verrill,  from  Casco  Bay  to  Florida.  It  has 
not  been  recorded  for  Canadian  waters. 

X.    PYCNOGONIDA. 

Of  the  sea  spiders  only  6  species  appear  in  our  catalogui^,  and  of  these  0  one  is  per- 
haps extrahmital.  Our  knowledge  of  the  New  England  species  is  due  in  large  measure 
to  the  labors  of  E.  B.  Wilson,  supplemented  recently  by  the  studies  of  L.  J.  Cole. 

Only  two  of  the  species  {Tanystylum  orbicvlare  and  Anoplodactylus  lentus)  appear 
with  any  frequency  in  the  dredging  records.  The  local  distributions  of  these  two  species, 
so  far  as  these  are  shown  by  our  dredgings,  are  represented  in  charts  1 20  and  121.  Both 
Species  are  seen  to  be  confined  almost  exclusively  to  Vineyard  Sound,  and  both  (partic- 
ularly Anoplodactylus)  appear  to  be  restricted  to  the  eastern  half  of  the  Sound.  One 
might  reasonably  expect  to  find  a  more  exact  correlation  between  the  distribution  of 
these  spedcs  and  the  distribution  of  the  hydroids  among  which  they  live.  But  little 
correlation  is  to  be  observed,  so  far  as  ou.  charts  go. 

The  smaller  and  less  conspicuous  of  these  two  pycnogonids  {Tanystylum  orbicu- 
lare)  was  probably  frequently  overlooked  in  listing  the  contents  of  the  dredge,  and  it  is 
likely,  therefore,  that  this  species  is  of  more  frequent  occurrence  than  appears  from 
our  records.     Its  distribution,  likewise,  may  be  somewhat  more  general. 

This  class  is  represented  in  our  list  by  a  smaller  number  of  species  than  have  been 
recorded  for  any  of  the  other  stations  considered  in  our  comparative  table."  To  what 
■  Bxccpt  TficMc,  nben  (^tpareiitlv  no  ntvrd  hu  iMfa  ktpt  ol  (be  PyoKifalda. 
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degree  tfais  is  due  to  the  small  number  actually  present  in  our  local  waters  and  to  what 
degree  it  is  due  to  an  insuEScient  search  can  not  be  stated. 

The  ranges  of  our  two  commoner  species,  as  stated  by  Wilson,  are: 

Tanystylum  orbiculare FfomolT  Marthas  Vineyard  to  Virginia. 

Anoplodactylus lentus Long  Island  Sound;  WoodsHoIe;  ^astport,  Me.  (1  record),  a 

Thus  the  former  appears  to  be  a  predominantly  southern  fonn,  while  for  the  latter 
the  data  are  insufficient  to  warrant  us  in  assigning  to  it  a  range. 

One  pycnogomd,  which  was  taken  upon  the  gulfweed  on  a  number  of  occasions, 
is  Endeis  spinosus  Mont^u.  This,  like  the  gulfweed  fatma  in  genera!,  is  doubtless  an 
exotic  species  which  comes  to  us  from  southern  waters.  Its  presence  on  the  weed  is 
rather  unexpected,  considering  the  ordinary  habitat  of  this  species  in  European  waters. 

Xr.    INSECTA   AND   ARACHNIDA. 

There  are,  of  course,  very  few  strictly  marine  insects  in  existence,  and  it  is  doubt- 
ful whether  any  of  our  local  species  can  be  so  regarded.  The  thysanuran  species 
Anurida  maritima  is,  however,  perhaps  as  nearly  marine  as  are  certain  of  our  littoral 
Crustacea.  Verrill  and  Smith  record  having  taken  in  the  vidnity  of  Woods  Hole  a 
nuilit>er  of  insect  larvae,  which  appear  to  have  been  living  in  sea  water.  One  of  these  was 
described  by  Packard  as  a  new  species.  Most  of  the  insects  listed  in  that  report  were, 
however,  beach-dwelling  species,  which  seldom  or  never  enter  the  water. 

The  Ust  prepared  by  the  writers  comprises  for  the  greater  part  species  taken  in 
brackish  ponds  in  the  neighborhood.  Many  of  these  were  larvae,  and  about  half  of 
them  have  not  been  determined  specifically.  In  many,  if  not  most,  cases  these  insects 
are  ones  which  are  known  to  dwell  in  fresh-water  ponds  as  well  as  brackish  ones.  It 
has  been  thought  worth  while  to  include  them  here,  however,  ^ce  no  list  has  ever 
been  published  of  our  local  brackish-water  insects. 

The  single  arachnid  here  listed  {Ckernes  oblongus)  is  scarcely  to  be  regarded  as 
marine,  though  it  has  been  taken  under  stones  along  shore,  near  low-water  mark. 

9.  MOU.USCA. 

Mollu3ks,  or  their  shells,  have  commonly  constituted  by  far  the  most  conspicuous 
feature  of  the  organic  contents  of  the  dredge.  In  respect  to  the  number  of  species 
hkewise,  the  mollusks  have  generally  preponderated,  there  frequently  being  more  rep- 
resentatives of  this  group  contained  in  a  given  dredge  haul  than  of  all  the  other  phyla 
combined.  Likewise  the  total  number  of  molluscan  species  recorded  in  the  course  of 
our  dredging  operations  is  considerably  greater  than  that  of  even  the  Crustacea,  though 
the  latter  group  preponderates  as  regards  the  number  recorded  for  the  region  as  a  whole. 
It  must  be  stated,  however,  that  the  vast  majority  of  specimens  taken  were  merely 
dead  shells,  and  that  many  spedes  were  rarely  or  never  taken  in  a  hving  condition. 
This  preponderance  of  molluscan  remains  in  our  dredging  records  is  obviously  due  to  the 
enduring  character  of  the  exoskdeton  of  these  animals,  which  insures  the  accumulation 
of  shells,  even  in  the  case  of  the  less  common  spedes.  Another  fact  which  results 
directly  from  the  one  just  mentioned  is  the  relativdy  great  frequency  with  which  most 
of  the  molluscan  spedes  were  dredged.  Of  the  137  spedes  which  appear  in  our  dredg- 
ing records,  68,  or  more  than  half,  are  recorded  from  more  than  10  stations  each,  while 

■  Tfalt  It  to  b(  niinltd  u  ■  doobtful  record. 
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33  of  these  mollusks  appear  in  the  list  of  species  which  were  taken  at  one-fourth  or 
more  of  the  total  number  of  stations.  Thus  exactly  one-half  of  the  latter  list  is  consti- 
tuted by  MoUusca. 

We  regard  our  molluscan  records  as  being,  on  the  whole,  relatively  complete  and 
comparatively  free  from  error.  The  spedes  are  for  the  most  part  large  and  easy  of 
identification.  Fortunately  for  the  collectors,  systematic  concbology  is  based  largely 
upon  shell  characters,  so  that  the  determinations  could  commonly  be  made  with  a  high 
degree  of  confidence  in  the  field.  The  few  cases  among  the  larger  species  in  which 
confusion  was  believed  to  be  possible  were  early  recognized,  and  we  believe  that  errors 
respecting  such  forms  were  nearly  always  avoided  except  at  the  beginning  of  the  work. 
Wherever  doubt  was  felt,  and  especially  in  the  case  of  the  smaller  species,  specimens 
were  preserved  for  identification  by  specialists.  We  were  fortunate  enough  to  have 
the  assistance  of  such  well-known  authorities  as  Dr.  W.  H.  Dall  and  Dr.  Paul  Bartsch 
in  the  identification  of  the  less  familiar  species  of  shell-bearing  mollusks.  We  are  like- 
wise indebted  to  Dr.  Dall  for  the  critical  examination  of  our  manuscript  check  list 
and  for  supplying  us  with  the  ranges  of  distribution  which  are  given  below.  The  classi- 
fication and  terminology  adopted  are  his."  The  nudibranch  mollusks,  on  the  other  hand, 
including  many  specimens  taken  in  the  townet,  as  well  as  those  which  were  dredged, 
were  identified  by  Dr.  F.  M.  MacFarland,  of  Stanford  University,  and  Dr.  MacParland 
has  likewise  kindly  revised  that  portion  of  the  manuscript  devoted  to  this  group. 

Certain  sources  of  error  have,  notwithstanding,  to  be  considered  in  the  records  for 
the  MoUusca.  Some  of  fhe  minute  forms  representing  the  genera  Turbonilla,  Odoslomia, 
C<BCitm,  Cytichna,  etc.,  were  doubtless  frequently  overlooked,  as  likewise  such  small 
spedes  as  Astyris  lunata.  Lacuna  puteola,  Triforis  nigrocirtctus ,  and  BitUum  nigrum. 
During  the  first  season's  work,  especially  when  less  thorough  methods  of  sifting  the 
bottom  deposits  were  employed,  it  is  likely  that  the  records  for  these  forms  were  much 
less  complete  than  they  were  later.  Again,  the  failure  to  use  a  canvas  mud  bag  and 
the  consequent  escape  of  the  finer  components  of  the  bottom  material  doubtless  resulted 
in  many  cases  in  the  loss  of  these  small  mollusks. 

As  already  mentioned,  it  was  found  that  during  the  rather  experimental  earlier 
work  of  the  Survey  certain  forms  having  a  close  superficial  resemblance  had  been  con- 
fused with  one  another.  Since  it  is  believed  that  these  ambiguities  have  in  most  cases 
been  eliminated  by  special  dredgings  at  the  points  in  question,  they  can  not  seriously 
affect  the  value  of  our  results.  Some  of  the  smaller  species  of  Natica  (Polynices)  were, 
it  is  believed,  wrongly  identified  in  the  field,  and  in  such  cases  these  records  have  l>een 
entered  merely  as  "  Polynices  sp."  Even  Polynices  triseriata  was  not  during  the  first 
season  always  listed  separately  from  Polynices  heros,  of  which  species  it  has  often  been 
regarded  as  a  variety  or  even  as  an  immature  stage.  In  consequence  of  this  the  records 
for  P.  heros  are  doubtless  somewhat  fuller  than  they  should  be,  those  tor  P.  triseriata  being 
correspondingly  curtailed. 

In  a  few  cases,  notably  with  the  small  shells  of  the  genus  Turbonilla,  confusion  was 
brought  about  by  our  failure  to  recognize  the  presence  of  several  species  among  the 
specimens  taken.  Instead  of  preserving  samples  of  Turbonilla  shells  from  every  station 
at  which  they  were  encountered  it  frequently  happened  that  the  collectors  chose  sped- 

•  Smpt  that  m  hire  riUlncd  Uk  Amphlneim  fn  ■  Kptratc  duL    Dr.  DkU  hu  ncmUr  enpnucd  the  bcUd  Unt  tbcy 
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mens  from  one  of  the  dredge  hauls,  believing  these  all  to  be  of  one  species  and  therefore 
regarding  them  as  representative  of  the  specimens  taken  from  various  other  dredge 
hauls.  Since  an  examination  by  Dr.  Bartsch  revealed  the  presence  at  times  of  three 
or  four  species  of  Turbonilla  from  a  single  dredging  station,  it  is  obvious  that  such  rec- 
ords as  are  not  based  directly  upon  preserved  material  taken  at  one  station  are  worth- 
less so  far  as  specific  names  go.  It  has  been  necessary,  therefore,  to  record  a  Uage 
proportion  of  our  TurboniUas  merely  as  "Turbonilla  sp.;"  aad  thus  our  data  for  this 
interesting  genus  are  in  a  large  degree  rendered  valueless. 

There  are  some  other  possible  sources  of  error  in  interpreting  our  records  which 
have  no  relation  to  defects  of  method.  For  example,  for  certain  of  the  gastropods  the 
apparent  distribution  is  doubtless  much  more  extensive  than  the  actual  one,  owing  to 
the  transportation  of  their  shells  by  hermit  crabs.  This  is  notably  true  of  the  intro- 
duced periwinkle,  Liitorina  litorea,  which  is  typically  and  indeed  almost  exclusively  a 
littoral  (intertidal)  spedes.  Nevertheless  the  shells  of  this  mollusk  were  found  at  131 
stations,  occurring  even  at  depths  of  10  or  15  fathoms.  Other  gastropods  whose  shells 
are  most  commonly  occupied  by  the  paguri  are  Tritia  IriviUaia,  Anachis  avara,  Ilyanassa 
obsoleta,  Polynices  heros,  P.  triseriata,  P.  duplicaia,  Busycon  canalicvlatum,  B.  carica, 
Urosaipinx  cinereus,  and  Eupleura  catidata.  To  what  extent  the  distribution  of  these 
species,  as  plotted  in  the  charts,  has  been  the  result  of  transportation  by  hermit  crabs 
is  impossible  to  state.  It  is  not  recorded  in  all  instances  whether  or  not  a  given  shell 
was  inhabited  by  one  of  the  crabs,  and  in  any  case  the  presence  of  the  latter  in  a  shell 
would  not  by  any  means  prove  that  this  bad  been  carried  to  any  great  distance  beyond 
the  point  where  the  mollusk  lived. 

In  the  case  of  certain  thin  shells  of  light  weight  it  is  quite  probable  that  the  tidal 
currents  have  often  been  instrumental  in  carrying  them  beyond  the  original  habitat  of 
the  animal,  though  we  can  not,  of  course,  assume  this  in  any  single  case.  Mao,  like- 
wise, has  almost  certainly  been  responsible  for  the  occurrence  of  the  shells  of  one  species, 
at  least,  in  unexpected  localities.  The  large  oyster  shells  which  have  been  taken  not 
infrequently  in  various  parts  of  the  main  channel  of  Vineyard  Sound  have  probably 
been  cast  overboard  from  pas^ng  vessels,  ance  living  oysters  of  our  American  species 
are  not  known  to  occur  in  such  situations. 

In  the  charts  for  the  Mollusca,  as  for  other  shell-bearing  organisms,  we  have  indi- 
cated the  known  presence  of  living  specimens  at  a  given  station  by  means  of  a  circle 
surrounding  the  star.  It  must  not  be  inferred,  however,  that  only  dead  specimens 
were  taken  at  the  other  stations.  Absence  of  the  circle  denotes  dther  that  the  occur- 
rence of  shells  only  was  specified  or  merely  that  living  specimens  were  not  recorded." 
It  is  quite  certain  that  living  mollusks  were  of  much  more  frequent  occurrence  in  our 
dredge  hauls  than  the  circles  upon  the  distribution  charts  would  imply.  This  is  prob- 
ably particularly  true  of  the  small  gastropods.  Indeed,  the  chiton  ChtBlopleura  apiat- 
lafa,  which  was  seldom  taken  except  alive,  was  not  commonly  designated  as  living  or 
dead  in  the  dredging  records.  For  this  reason,  it  has  been  necessary  to  omit  the  circles 
from  the  chart. 

For  the  remainder  of  this  discussion  it  will  be  best  to  consider  the  classes  of  Mollusca 
separately. 

a  Por  certain  moDuiks  we  bare  employed  the  drde  wbe 
meni  wen  taken,  ntn  tbou^  tbli  wu  not  npnaslv  >Ut 
auflitd  to  Crtpiditla,  hu  been  lecmnled  u  equlvmlent  to  ■ 
16269*' — Bull.  31,  pt  I— 13 10 
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1.    PELBCYPODA. 

Of  the  bivalve  mollusks  70 (  +  6?)  spedes  have  been  recorded  belon^ng  to  31  fami- 
lies and  48(4- 1  ?)  genera.  Of  these,  57  species  were  taken  during  the  Survey  dredging 
and  6  of  them  were  new  to  the  region  when  first  collected  by  us.  So  far  as  known  no 
spedes  new  to  sdence  have  been  found. 

Verrill  and  Smith  in  1873  listed  84  spedes  of  lamellibrancbs,  of  which,  however, 
only  61  were  recorded  for  spedfied  points  within  the  Woods  Hole  region,  although  the 
stated  ranges  of  12  others  would  render  thdr  occurrence  here  probable. 

In  subsequent  papers  Verrill  added  greatly  to  our  knowledge  of  the  north  Atlantic 
Hollusca,  but  most  of  these  later  papers  dealt  chiefly  with  collections  made  in  much 
deeper  waters. 

Before  Verrill,  Gould  (1841,  1870)  bad  catalogued  the  MoUusca  of  this  state  in  his 
well-known  "Report  on  the  Invertebrata  of  Massachusetts."  There  were  here  included 
a  large  proportion  of  our  Woods  Hole  spedes,  though  comparativdy  few  definite  records 
are  offered  by  Gould  relating  to  the  occurrence  of  mollusks  within  our  region. 

It  is  worthy  of  note  that,  although  our  list  of  local  Pelecypoda  is  probably  fairly 
complete,  it  is  considerably  exceeded  by  that  comprised  in  each  of  the  other  faunal 
catalogues  which  have  been  summarized  in  our  comparative  table.  Thus  the  Canadian 
list  contains  100  spedes,  the  list  for  Plymouth  86,  that  for  the  Irish  Sea  io8(  +  3  ?),  and 
that  for  the  Gulf  of  Trieste  107.  Thus,  even  in  those  cases  where  the  areas  comprised  are 
roughly  comparable,  the  other  regions  exceed  our  own  in  the  wealth  of  spedes.  Of  the 
100  Canadian  spedes  55  ( =  55  per  cent  of  Canadian  list,  or  about  75  per  cent  of  our  own) 
are  common  to  the  Woods  Hole  region.  On  the  other  hand  only  5  of  the  86  Plymouth 
spedes  are  known  to  be  common  to  our  own  fauna." 

On  an  average  9.2  species  of  bivalve  mollusks  were  taken  per  dredge  haul  at  all  of  the 
458  regular  stations  of  the  Survey.  This  figure  is  considerably  larger  than  that  repre- 
senting any  other  class  of  organisms.  The  single  spedes  which  was  taken  most  fre- 
quently was  Area  iransversa,  which  was  recorded  from  264  of  the  stations.  The  following 
is  a  complete  list  of  those  species  which  were  taken  at  one-fourth  or  more  of  our  dredging 
stations,  the  spedes  being  arranged  in  order  of  frequency: 

Area  transversa 364 

Anomia  simplex 356 

Enns  directus 335 

Clidkipbora  gouldiana 334 

Spintla  solidiasinia 3*a 

Cardium  pinnulatum -,..,.-,.-.,,..-.  sip 

Mytilua  edulis 117 

Nucula  proxima 305 

Telliiia  tenera 193 

Caltocardia  moiriittaiia 193 

Crassiiiella  mactracea 183 

Pectm  gibbus  borealii 163 

Corbula  contracta 118 

Hodiolui  iDodiolus > lao 
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A  Study  of  the  distribution  charts  shows  us  that,  whereas  a  coosiderable  number  of 
our  local  lamelHbranchs  are  of  very  general  distribution  throughout  Vineyard  Sound 
and  Buzzards  Bay,  a  yet  greater  number  show  definite  restrictions  in  relation  either  to 
the  character  of  the  bottom  or  to  temperature.  The  part  played  by  the  bottom  in 
determining  the  wealth  of  lamellibranch  life  is  indicated  to  some  extent  in  the  %ures 
representing  the  average  number  of  species  per  dredge  haul  taken  upon  the  three  chief 
types  of  bottom.     These  are:  Gravel  and  stones,  7.7;  sand,  9.8;  mud,  ii.o. 

These  figures  are  quite  in  accord  with  those  giving  the  average  number  of  species 
per  dredge  haul  in  the  Sound  and  the  Bay : 

Vineyard  Sound: 

Fish  Hawk &  a 

Ftialaiope 7. 5 

Buzzards  Bay: 

Fish  Hawk 11. 5 

Fhalatope 11.6 

It  is  not  evident,  however,  why  the  Phalarope  stations  of  the  Bay,  which,  on  the  whole 
'  were  decidedly  less  muddy  than  the  Fisk  Hawk  stations,  should  none  the  less  show  a 
hrger  number  of  species. 

The  lists  of  "  prevalent"  species  for  the  three  types  of  bottom  (i.  e.,  those  present  at 
one-fourth  or  more  of  the  stations)  display  a  degree  of  uniformity  which  was  unexpected 
in  view  of  the  above  shown  differences  in  the  wealth  of  species  per  dredge  haul.  The 
number  of  prevalent  species  (16)  is  the  same  for  sandy  as  for  muddy  bottoms,  while  13 
such  species  are  listed  for  bottoms  of  gravel  and  stones.  Of  these,  9  are  common  to  the 
three  lists. 

Passing  to  a  consideration  of  the  charts  (122-160)  we  find  a  considerable  variety 
among  the  distribution  patterns,  but  it  seems  possible  to  reduce  these  to  comparatively 
few  types.     These  last  are  not,  however,  to  be  distinguished  sharply  from  one  another. 

Of  genrral  distribution, 
Anomia  umplex. 

Pecwn  gibbus  borealis  (scarce,  however,  in  center  of  Bay). 
Area  transversa. 
Nucuta  proxima. 
Cardium  pinnulatum. 
Callocardia  nurrhuana. 
Tellina  tenera. 
Bnns  directus. 
Qidjophora  gouldiana. 

Gtntral  in  tht  Sound;  common  in  Ik*  Boy,  but  rtttrielod  to  tiwAon  ttoHont. 
OaiBiiiella  mactracea. 

Divaricella  quadrisulcata  (only  aa  stations  altogether}. 

Cninii^ia  telliaoides  (not  exactly  general  in  Sound,  and  some  records  for  middle  <d  Bay). 
Spisula  aolidiasima  (some  records  for  middle  of  Bay). 
Cochlodesma  leantun. 
Corbula  contiacta. 

Gm«ra(  tn  tk*  Sound;  in  Uu  Boy.  ttiirieud  la  htm  ko^. 
IfytUnaednli*. 
Astarte 
Fetrkolft 
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RttlrieUd  vihoUy  or  ehiefiy  to  Iht  Soutid. 
Anomia  aculeata. 
Pecten  magellaniciis. 

Iifodiolus  modioiiia  (a  few  inshore  statioiis  in  Bay). 
Crenella  glandula. 
Area  pondetDsa. 
Venoicardia  bocealis. 
Tliracia  caiua4i. 

RttirieUi  wholly  or  chiefly  to  the  Bay. 
Arcapexata. 
Void  a  limatula. 

Solei>ya  velum  (confined  to  inahore  stations). 
LKvicardium  moitoni  (most  abundant  at  inahore  stations). 
Venus  mercenaria. 

Tagelus  gibbus  (confined  to  inshore  stations). 
Macoma  tcnta. 
Mulinia  lateralia. 
Mya  arenaria  (confined  to  inshore  stations). 

It  will  be  noted  that  even  some  of  those  species  which  are  restricted  to  Buzzards  Bay 
{Solemya  velum,  Tagdus  gibbus,  Mya  arenaria)  are  found  there  only  at  the  inshore 
stations.  Another  species  which  is,  on  the  whole,  restricted  to  these  stations,  both  in 
the  Bay  and  the  Sound,  is  Lyonsia  hyalina. 

An  analysis  of  our  records  shows  that  certain  species  appear  to  exhibit  marked 
preferences  as  to  the  depth  of  the  water  which  they  occupy.  The  following,  for  example, 
are  in  considerable  degree  restricted  to  depths  of  5  fathoms  or  less: 

Pecten  gibbus.  T^ielus  gibbus. 

Area  pexata.  Lyonsia  hyalina. 

Solemya  velum.  Mya  arenaria. 

Four  of  these  six  spedes  are  those  which  have  just  been  mentioned  as  restricted  to 
the  inshore  stations. 

Species  which  were  dredged  most  frequently  at  depths  of  10  fathoms  or  more"  are: 

Pecten  magellanicus.  Astarte  undata. 

Modiolus  modiolus.  Astarte  castanea. 

Modiolaria  nigra.  Cyclas  islandica. 

Crenella  glandula.  Thracia  conradi. 

Venericardia  borealis. 

With  the  exception  of  the  two  species  of  Astarte,  all  of  those  comprised  in  this  last 
list  will  be  found  in  the  list  of  predominantly  northern  species  given  below.  And,  with 
the  exception  of  Astarte  casianea  and  Modiolus  modiolus,  all  are  more  or  less  restricted 
to  the  colder  portions  of  the  Sound  and  the  Bay.*  Reference  to  the  charts  shows  that 
the  remaining  seven  species  occur  wholly  or  predominantly  in  the  western  half  of  Vineyard 
Sotmd  and  the  lower  end  of  Buzzards  Bay.  Five  of  these  species  {Pecten  magellanicus, 
Crenella  glandula,  Venericardia  borealis,  Astarte  undata,  and  Cyclas  islandica)  were  like- 
wise taken  at  Crab  Ledge,  where,  as  we  have  seen,  many  of  our  typical  colder  water 

a  Deptlu  ct  10  lubamiof  mott'iRK  Kcordcd  at  onlv  16  per  ctnt  of  the  uS  itatloni.  All  th«c  ipecis  wen,  Dcvnthckn. 
dicditd  an  alHolutdy  gmtti  number  of  timo  at  lUdi  dcptlu. 

t  A9itBtcdabove(p.  38),  thewesUniballal  Vineyard  Sound  ulitUeil  any  deeper  than  the  eailcrn  half.  Thcmatlraveraie 
depth  Ktohkb  these  ipeda  occurred  muKilnimtbelactttiatUwvwcR  rarely  taken  oeuiboic  ThiuChcv  &cure  but  little  in 
the  Pluiaropt  dredging!. 
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Species  are  to  be  found.     And  six  of  them  are  comprised  in  the  list  of  predominantly 
northern  species  given  below. 

Interesting  comparisons  between  the  distributions  of  different  members  of  the 
same  genus  may  be  made  for  the  genera  Anomia,  Area,  Astarte,  and  Peclen.  The  case 
of  the  two  local  species  of  Aslarle  is  peculiar  inasmuch  as  there  is  nothing  in  their  ranges, 
so  far  as  we  know,  which  gives  a  due  to  the  differences  which  they  display  in  their- 
local  distribution. 

Certain  species  among  the  lamellibranchs  dredged  by  us  have  never  been  taken  in 
a  living  condition.  Of  these  the  most  striking  examples  are  Area  ponderosa  and  Tkracia 
conradi.  The  former,  indeed,  has  never  been  recorded  living,  so  far  as  we  know,  north 
of  Cape  Hatteras,  although  fairly  fresh  shells  have  sometimes  been  found.  It  seems 
likely  that  both  of  these  species  may  bury  themselves  too  deeply  in  the  bottom  to  be 
taken  by  the  dredge. 

Those  species  which  were  taken  at  10  or  more  dredging  stations  have,  as  usual, 
been  grouped,  so  far  as  possible,  into  predominantly  northern  and  predominantly 
southern  forms.  The  ranges  given  for  the  Pelecypoda  and  for  the  moUusks  in  general 
are  those  stated  by  Dall." 

Predominantly  northern  (Jj). 

Anomia  aciileata  (chart  114) Arctic  Ocean  to  Cape  Fear. 

Pccteniiiage11aiiicus(chaTt  135). Labrador  to  Cape  Hatteras. 

Uytilus  edulis  {chart  n;) Arctic  Sea  to  North  Caiolma. 

Modiolus  modiolus  (chart  laS).  .Arctic  Sea  to  North  Carolina  (Florida?). 

HodioIaHa  nigra  (chart  129) Arctic  Sea  to  Cape  Hatteras. 

Crenella  glandula  (chart  130).  ..Arctic  Sea  to  Cape  Batteias. 
Nucula  proxima  (var.  tnmculua 

Dall)  (chart  134} Nova  Scotia  to  New  York. 

Yoldia  liinatula  (chart  135) Arctic  Ocean  to  North  Carolina. 

Veneiicardia  bore alis  (chart  137)  Hudson  Strait  to  off  Hatteras. 

Cardium  pinnulatum  (chart  141)  Labrador  to  Cape  Lookout. 

Cyclas  islandica  (chart  144). . .  .Arctic  Ocean  to  Cape  Hatteras  (at  latter  point  in  deep  nater  only), 

Spiaula  aolidissima  (chart  153).  .Labrador  to  Cape  Hatteras. 

Thracia  conradi  (chart  155) Labrador  to  Cape  Hatteras. 

Predominantly  southern  (rp). 

Ostrea  virginica  (chart  lai).. .  .Prince  Edward  Island  to  West  Indies. 

Anomia  nmplex  (chart  113) Cape  Sable  to  Hartinique. 

Pecten  gibbtts  borealts  (chart 

i»6) Nova  Scotia  to  Tampa,  Fla. 

Area  ponderosa  (chart  131) Pmvincetown  to  Yucatan, 

Area  transversa  (chart  133) Cape  Cod  to  Mexico. 

Area     campechiensis     pexata 

(chart  133) Cape  Cod  to  Texas. 

&asginella    mactracea    (chart 

14*) Cape  Cod  to  Florid*. 

Di  varicella  quadrisulcata  (chart 

141) Cape  Hatteras  to  Brazil.    (Woods  Hole  regkm.) 

L«vicardiumniortoni(cfaarti43)Nova  Scotia  to  Venezuela. 
Venus  mercenaria  (chart  145). .  .Nova  Scotia  to  Yucatan. 

■  ni.  Dun  hB  kindly  hunlihed  ni  with  mne  unpublisbcd  notes,  whlcb  DMxllfy  to  kok  dcfice  the  ntica  a*  tUtti  la  hk 
"Pirlmilnarv  CBtaloEiiC(iIheSl]cI|.tK«ui(  MuiHHirfhukt." 
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CBllocardia  morrhuana  (chart 

146) Prince  Edward  Island  to  Florida. 

Petricola  pholadiformis  (chart 

147) Prince  Edward  Island  to  Nicar^ua. 

Tagelus  gibbus  (chart  148) Cape  Cod  to  Brazil. 

Tellina  tenera  (chart  149) Prince  Edward  Island  to  Barbados. 

Macoma  tenta  (chart  150) Cape  Cod  to  Haiti. 

Cumingia  telhnoides  (chart  151)  Cape  Cod  to  south  Florida. 
Mulinia  lateralis  (chart  1 54) ....  New  Brunswick  to  Texas. 
Lyonna  hyalina  (chart  157}.  . .  .Nova  Scotia  to  Texas. 
Corbula  conlracta  (chart  159).  ..Cape  Cod  to  Jamaica. 

Of  approximately  equal  range  north  and  touth  (f). 

Solemya  Telnm  (chart  136) Nova  Scotia  to  North  Carolina. 

Astaite  undata  (chart  13S) Gulf  of  St.  Lawrence  to  Cape  Hatteras. 

Astarte  castanea  (chart  139) Nova  Scotia  to  New  Jeraey  and  off  Hatteras  (deep). 

Ensis  directus  (chart  151) Labrador  to  Texas. 

Cochlodesnialeanum(charti5G)  Nova  Scotia  to  Hatteras, 
CUdiophora   gouldiana    (chart 

138) NovaScotia  to  New  Jersey  (North  Cartdina?). 

Ifya  aienaria  (chart  160) Arctic  Sea  to  Miami,  Fla. 

It  will  be  seen  that  exactly  one-third  of  these  species  have  been  listed  as  predomi- 
nantly northern,  while  very  nearly  one-half  are  to  be  regarded  as  southern.  The  seven 
remaining  species  are  not  assignable  to  either  division. 

The  following  species  are  recorded  from  our  dredgings,  but  were  not  taken  frequently 
enough  to  warrant  us  in  plotting  their  distributions: 


Pecten  islendicus. 
Modiolus  demiasus. 
Modiolaria  Ixvigata. 
Nucula  delphinodonta. 
Astarte  quadrans. 
Aligena  elevata. 
Pbacoides  filosus. 
Cardium  ciliatum. 
Gemma  gemma. 


Tellina  tenella. 
Siliqua  costata. 
Thracia  septentrionalis. 
Periploma  papyracea, 
Sazicava  arctica. 
Cyrtodaria  siliqua. 
Pholas  costata. 
Zirphtea  crispata. 
Teredo  nevalis. 


Most  of  these  species  appear  to  be  actually  rare  within  the  region.  Several  of  them, 
on  the  contrary  {Modiolus  demissus.  Gemma  gemma,  Teredo  navaiis)  are  extremely 
abundant  in  their  proper  habitats,  though  rarely  taken  with  the  dredge. 

II.    AMPHINBURA. 

Of  the  Amphineura,  or  chitons,  only  two  species  are  found  in  this  region.  One  of 
these,  Trackydermon  ruber,  is  quite  rare  locally.  We  have  met  with  it  but  twice  in 
dredging,  only  a  single  specimen  having  been  taken  on  each  occasion.  Both  were 
found  near  the  lower  end  of  Buzzards  Bay.  This  species  is  essentially  a  northern  one, 
being  said  to  range  from  the  Arctic  Sea  to  New  York.  The  other,  ChtBtopleura  aprcuiata, 
is  scattered  pretty  generally  throughout  the  eastern  half  of  Vineyard  Sound  and  along 
the  shores  of  Buzzards  Bay  (chart  161)-  Its  scarcity  in  the  western  portion  of  the  Sound 
and  its  apparent  absence  from  the  deeper  waters  of  the  Bay  are  perhaps  due  chiefly  to 
the  character  of  the  bottom.     As  is  well  known,  the  chitons  adhere  to  solid  objects,  such 
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as  Stones  and  shells."  On  the  other  hand,  it  is  not  improbable  that  the  tempemture 
factor  has  been  partly  responsible  for  the  distribution  of  Ckatopleara  in  Vineyard  Sound, 
as  in  the  case  of  a  number  of  other  southern  species  which  appear  to  avoid  the  colder 
waters  of  the  region.  I^ike  those  which  have  previously  been  discussed,  CluEtoplewa 
was  not  recorded  by  us  from  Crab  I^dge.  The  range  of  this  species,  as  stated  by  Dall, 
extends  from  Cape  Cod  to  Haiti.  Our  region  thus  lies  at  or  near  its  northernmost 
limit  of  distribution. 

ni.   GASTROPODA. 

Of  the  Gastropoda  we  have  recorded  123  determined  species,  together  with  10 
which  were  doubtful  or  undetermined.  Sixty-four  ( +  2  ?)  of  these  species  were  encoun- 
tered during  our  Survey  dredgings,  and  at  least  17  are  believed  to  have  been  previously 
unrecorded  for  the  region. 

Verrill  and  Smith,  in  their  Vineyard  Sound  report,  listed  93  species,  of  which, 
however,  only  65  were  definitely  recorded  for  specified  points  within  the  region,  although 
the  ranges  of  30  more,  as  stated  by  them,  would  include  the  Woods  Hole  region.  The 
completeness  of  Verrill's  list,  as  regards  our  more  familiar  species,  renders  conspicuous 
two  exceptions.  One  is  our  now  abundant  periwinkle,  Littorina  lilorea,  which  did  not 
reach  Woods  Hole  in  its  southward  migration  until  the  year  1875;  the  other  is  Lacuna 
puieola,  an  allied  species  though  quite  a  minute  one,  which  is  likewise  very  common 
here  at  the  present  time.  Whether  or  not  this  latter  mollusk  is  also  a  comparatively 
recent  immigrant  can  not  be  stated.     It  has  long  t>een  known  in  the  British  Isles. 

In  the  case  of  the  gastropods,  as  in  that  of  the  lamellibranchs,  our  list  of  species  is 
greatly  exceeded  by  all  of  the  other  faunal  catalogues  which  have  been  summarized  in 
our  comparative  table.  The  difference  in  favor  of  the  Plymouth  catalogue  is  due  largely, 
if  not  wholly,  to  the  inclusion  of  a  greater  number  of  nudibranchs.  It  is  not  unlikely  that 
sufficient  attention  to  our  local  nudibranchs  on  the  part  of  a  specialist  would  result  in 
adding  considerably  to  the  nimiber  of  spedes  recorded  for  the  region.  As  regards  the 
shell-bearing  species,  however,  we  believe  our  list  to  be  relatively  complete  for  local 
waters. 

The  average  number  of  species  of  gastropods  taken  per  dredge  haul  for  the  458 
regular  stations  of  the  Survey  was  6.8.  This  figure  is  only  exceeded  by  that  for  the 
Pelecypoda. 

Those  species  which  were  so  common  as  to  be  recorded  from  one-fourth  or  more  of 
our  dredging  stations  are  listed  herewith  in  the  order  of  frequency: 

Nambtrd  MUiooi. 

Tritia  trivittata 373 

Crepidula  fomicata 336 

Anachb  avara 395 

Crepidula  plana 191 

Astyris  lunata 345 

Polynices  hcros 165 

Urosalpinx  cinereus 156 

Polynices  triseriata 144 

Littodna  litMva  (ahelb  only) 131 

■  It*  appMent  icaidtr.  even  utHi  the  itooy  *-*'■-"- 10  Out  dun  id  Cuttrfannk  and  Cay  Head.  Rudcn  Uit  aKcnutlv* 
n  Iikdy(  <x  tlMM  pctau. 
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As  in  the  case  of  the  lamellibranchs,  the  average  number  of  gastropod  spedes  taken 
per  dredge  haul  was  considerably  greater  for  Buzzards  Bay  than  for  Vineyard  Sound. 
This  statement  applies  equally  to  the  Fish  Hawk  and  the  Phaiarope  stations.  The 
average  number  for  dredge  hauls  upon  muddy  bottoms  (7.8)  is  likewise  seen  to  exceed 
that  for  the  other  types  of  bottom,  though  the  difference  is  much  less  pronounced  than 
for  the  bivalve  mollusks;  while  the  figure  for  sandy  bottoms  (6.5)  is  seen  to  be  practically 
the  same  as  that  for  bottoms  of  gravel  and  stones  (6.7).  The  difference,  in  this  respect, 
between  the  two  chief  classes  of  mollusks  is  doubtless  due  to  the  fact  that  the  Pelecypoda 
comprise  a  considerable  proportion  of  burrowing  forms. 

Reference  to  the  tables  ^ving  the  "prevalent"  species  for  each  type  of  bottom 
shows  that  there  are  8  such  species  recorded  for  sandy  bottoms,  9  for  gravelly  and  stony 
ones,  and  1 1  for  muddy  ones.  Of  these,  7  species  (or  their  shells,  at  least)  are  common 
to  the  three  lists. 

Charts  163  to  188  portray  the  distribution  of  most  of  those  species  which  were 
recorded  from  10  or  more  of  our  stations  in  Vineyard  Sound  and  Buzzards  Bay.  The 
exceptions  are  Natica  pusilla,  for  which  no  chart  has  been  presented,  owing  to  the 
ambiguity  of  many  of  the  records  (see  p.  144),  and  certain  species  of  TwhowUla,  several 
of  which  were  doubtless  taken  with  con^derable  frequency.  Owing  to  a  confusion, 
already  referred  to,  in  our  original  records  we  have  devoted  a  single  chart  to  aU  the 
members  of  this  genus,  so  far  as  recorded  by  us. 

In  respect  to  their  distribution  in  local  waters,  we    may  group  the  gastropods  in 
much  the  same  way  as  has  already  t>een  done  for  the  pelecypods. 

Of  gentral  diitrUmlion. 
Busycon  canalicnlatuin. 
Tritia  trivittata  (commonest  recorded  species). 
Anachis  mvara. 

Urosalpinx  cinereua  (comparatively  few  in  middle  of  Bay). 
Turbonilla  sp.  sp. 
Crepidiila  iomicata. 
Orepidula  plana. 
Polynices  duplicata. 
Polynices  triseriata. 

General  in  Soutidr  in  Bay  mainly  confined  to  intkort  tiations. 
Astyris  limata. 

Cerithiop^s  emersonii  (hardly  general  in  Sound). 
Vermicularia  spirata  (hardly  general  in  Sound;  mostly  confined  to  eastern  half). 

ReltricUd  mainly  or  wholly  to  Sound. 

Buccinum  undatum. 

Crucibulum  striatnm. 

Polynices  beros. 

Restricted  mainly  or  wholly  to  Btazards  Bay. 

Tbniatina  canal  iculata. 

Cylichnella  oryza. 

Busy  con  carica, 

Ilyanassa  obsoleta  (mostly  in  upper  half  of  Bay). 

Eupleura  caudata.  (in  Sound,  mainly  near  shore). 

Bittium  altematum  (adlittoral). 

Csecuin  cooperi  (adlittoral). 

The  last  two  species  {BitHitm  altematum  and  CcBcum  cooperi)  were  confined  almost 
wholly  to  the  inshore  stations  of  the  Bay.  Two  other  spedes,  Lacuna  pvieda  and 
Crepidttla  ctmvexa,  while  found  alike  in  the  Sotmd  and  the  Bay,  are  restricted  in  both  largely 
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to  the  inshore  stations.  The  case  of  Crepidula  convexa  is  peculiar,  inasmuch  as  the  two 
other  local  spedes  of  Crepidula  are  both  of  very  general  distribution.  The  distribution 
of  this  spedes  is  particularly  unintelligible,  in  view  of  the  fact  that  none  of  our  hermit 
crabs,  upon  whose  shdls  it  finds  lodgment,  are  in  any  degree  restricted  to  the  shallower 
waters  along  shore.  Yet  this  mollusk  was  recorded  from  45  oi  the  Phalarope  and  Blue 
Wing  stations,  as  compared  with  only  16  Fish  Hawk  stations;  and  of  these  last,  indeed, 
there  is  reason  for  regarding  a  considerable  number  as  doubtful.  This  spedes  is  known 
to  be  the  commonest  Crepidula  upon  the  smaller  hermit  crabs  in  shallower  waters 
near  shore,  but  it  is  difficult  to  understand  why  this  mollusk  is  not  more  frequently 
carried  by  its  hosts  into  the  deeper  waters  as  well. 

As  in  the  case  of  the  Pdecypoda,  certain  spedes  of  gastropods  are  restricted  to  the 
colder  waters  of  the  Sound.  The  only  two  to  be  mentioned  are  Buccinum  wndalum  and 
CrucibtUum  striatum.  The  former  was  likewise  taken  at  6  of  the  7  regular  stations  at 
Crab  Ledge,  and  is  known  to  be  a  predominantly  northern  spedes.  Such  is  not  true 
of  Crucibulum,  however,  and  we  are  at  a  loss  to  expl^  this  peculiarity  in  its  local 
distribution. 

Both  of  these  spedes  (and  these  alone  among  the  gastropods)  were  t^en  pre- 
dominantly at  depths  of  10  fathoms  or  more.  In  fact  Crucibulum  was  dredged  only  once 
by  the  Phalarope,  and  was  never  taken  in  less  than  10  fathoms  of  water. 

Certain  spedes  among  those  charted  are  seen  to  be  less  common,  or  to  be  wanting 
altogether,  in  the  western  half  of  the  Sound,  although  present  in  the  eastern  half.  Such 
are  Cerithiopsis  emersonii  and  Vermicularia  spirata.  Two  others  (Eulima  conoidea  and 
Seila  terebralis)  might  also  be  mentioned  here,  though  neither  has  been  taken  with 
suffident  frequency  to  warrant  our  drawing  any  general  conclusions. 

The  distributions  of  two  spedes  of  gastropods  as  portrayed  upon  our  charts  are 
obviously  largdy  fictitious.  We  refer  to  LiUorina  litorea  and  Ilyanassa  obsoleta,  both  ot 
which  are  known  to  be  restricted,  when  living,  to  the  immediate  vidnity  of  the  shore. 
The  broadcast  way  in  which  the  shdls  of  these  spedes,  particularly  the  former,  are 
strewn  around  the  local  sea  floor  testifies  strongly  to  the  part  played  by  hermit  ciabs  in 
transporting  them. 

Several  genera  comprise  spedes  which  display  among  themselves  interesting  differ- 
ences of  habitat.  Such  are  Busycon,  Crepidula,  Littorina,  and  Pdynices.  For  most  of 
these  the  differences  may  readily  be  seen  by  reference  to  the  charts.  The  case  of  Crepi- 
dula has  just  been  discussed;  that  of  Pdynices  recdves  some  mention  in  chapter  V 
(p.  186).  As  regards  Littorina,  only  one  spedes  is  represented  upon  our  chart,  and  this 
latter  in  no  way  represents  the  distribution  of  the  hving  animals.  In  the  catalogue  of 
spedes  (section  iii),  however,  the  differences  in  thdr  respective  habitats  have  been 
briefly  indicated. 

A  glance  at  the  subjoined  lists  shows  that  our  local  assemblage  of  gastropods,  or  at 
least  the  commonest  and  most  representative  among  them,  are  even  more  dominantly 
southern  than  arp  the  pelecypods.  Of  the  27  spedes  there  considered,  22  are  to  be 
regarded  as  southern,  3  as  northern,  while  the  remaining  2  are  not  to  be  assigned  to 
dther  category. 

Predominantly  northern  {3). 

Bucdnuin  undatum  (chart  166).  . .  .Arctic  Sea  to  Charleston  Harbor. 

Polynice*  hcroa  (chut  187) I^brador  to  Virginia. 

Polynitxs  triseriata  (chart  1S8) I^brador  to  off  Hatteraa. 
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Predominantly  tOMthem  (22). 

TomatiiiB  canalicnlata  (chart  161).  .Fbrtland,  Me.,  to  Huti. 

Cylichnella  oryza  (chart  163) Cape  Cod  to  Charleston,  S.  C. 

Busycon canaliculatiun  (chart  164).  .Beverly,  Mass.,  to  Gulf  of  Mexico. 

Busycon  carica  (chart  165) Cape  Cod  to  St.  Thomas,  West  Indies. 

Tritia  trivittata  (chart  167) Nova  Scotia  to  St.  Augustine,  Fla. 

Ilyanassa  obsoleta  (chart  16S) Nova  Scotia  to  Tampa,  Fla. 

Anachis  avara  (chart  169) Casoo  Bay  to  Florida  Keys. 

Astyris  lunata  {chart  170) Cape  Ann  to  Brazil. 

Eupleura  caudata  (chart  171) Cape  Cod  to  West  Indies. 

Urosalplnx  cinereus  (chart  171) .    ..Prince  Edward  Island  to  St.  Augustine,  Fla. 

Eulima  conoidea  (chart  173) Hatteras  to  West  Indies.     (Woods  Hole  region.) 

Seila  terebralis  (chart  175) Massachusetts  Bay  to  Haiti. 

Cerithiopsb emersonii  (chart  176)..  .Cape  Cod  to  Grenada,  West  Indies. 

Bittium  alternatum  (chart  177) Kince  Edward  Island  to  Louisiana. 

Ctecum  cooperi  (chart  178) Cape  Cod  to  Jamaica. 

Vermicularia  spiiata  (chart  r7g) ....  New  Fngland  to  Bahia,  Brazil. 
Cmcibulum  striatum  (chart  iSi) .  .  .  Nova  Scotia  to  Florida  Keys. 

Oepidula  fcanicata  (chart  1S3) Prince  Edward  Island  to  New  Granada. 

Orepidula  convexa  (chart  184) Nova  Scotia  to  Florida;  (Texas?). 

Crepiduta  plana  (chart  1S5) Prince  Edward  Island  to  Bahia,  Brazil. 

Natica  pusilla Eastpcat,  Me,,  to  Florida. 

P:>lynices  duplicate  (chart  186) . . .  .Massachusetts  Bay  to  Mexico. 

Of  appToximaUiy  tqtial  rangt,  north  and  loutii. 

Littorina  litorea  (chart  180) Nova  Scotia  to  Cape  May,  N.  J. 

Of  dctiblful  position. 

Lacuna  puteol a  (chart  181) Woods  Hole  region;  Stonington,  Conn.;  England. 

The  following  is  a  list  of  spedes  which  were  recorded  with  relative  infrequeticy  (at 
less  than  10  stations)  during  the  dredging: 


.  Cylichna  alba. 
Haminca  solitaria. 
Cratena  pilata. 
Coryphella  a 
Corj-phella  as 
Doto  corona ta. 
Hangilia  cerina. 
Drilliasp. 

Chrysodomus  decemcostatus. 
Tritonofusus  islaudicns. 
Tritonofusus  stimpsoni. 
Arcularia  vibex. 
Thais  lapUlus. 
Boreoscala  grcenlandica. 
Epitonium  multistriatum. 
Epitonium  dallianum. 
Epitonium  lineatum. 
Stilifer  stimpsoni. 
Turbonilla  nivea. 
Turbonilla  vine«. 


Turbonilla  elegantula. 

Turbonilla  areolata. 

Turbonilla  interrupta. 

Turbonilla  winkleyi  (this  and  probably  several 

others  were  taken  at  more  than  to  stations). 
Turbonilla  rathbuni. 
Odostomia  seminuda. 
Odostomia  trifida. 
Triforis  nigrocinctus. 
Ctecum  pulchellum. 
Littorina  rudis. 
Lacuna  vincta. 
Rissoa  arenaria. 
Cingula  minuta. 
Polynices  immaculata. 
Velutina  laevigata. 
Velutina  zonata, 
Acmsa  testudinalis. 
Margaritea  obscurus. 
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Some  of  these  species  (Thais  lapUlui,  LiUoriita  rvdis.  Lacuna  vincta.  Aetata  testu- 
dinalts)  are  more  or  less  common  along  shore,  but  rarely  find  their  way  into  the  dredge. 
A  considerable  number  of  the  spedes  were,  on  the  other  hand,  only  taken  at  Crab  Ledge, 
and  thus  do  not  form  any  part  of  the  fauna  of  Vineyard  Sound  or  Buzzards  Bay. 

The  group  of  oelagic  gastropods  known  as  the  Pteropoda  is  represented  locally  by 
a  few  species  which  are  occasionally  found  in  the  outlying  waters  of  the  region.  Only 
one  of  these,  Cavoliva  trideniaia,  has  been  met  with  in  the  dredge,  a  »ngle  shell  having 
been  taken  near  the  western  end  of  Vineyard  Sound.  Such  a  state  of  affairs  is  in  striking 
contrast  to  the  condition  in  some  parts  of  the  Atlantic  Ocean,  where  the  remains  of 
this  class  of  mollusks  accumulate  to  such  a  degree  as  to  form  a  veritable  "pteropod 
ooze,"  covering  wide  tracts  of  the  sea  floor. 

IV.  CEPHALOPODA. 

Two  species  of  squid,  Loli^  pealii  and  Ommastrepkes  illecebrosus,  are  found  in  these 
waters.  Only  the  former  of  these  has  been  met  with  in  dredging.  Loligo  has  been 
frequently  taken  in  the  Ftik  Hawk  dredgings  throughout  both  the  Sound  and  the  Bay, 
being  recorded  from  73  stations  (chart  189).  It  has  never,  however,  been  dredged  by 
the  Phalarope.  This  is  doubtless  due  to  the  active  movements  of  this  animal,  which 
would  not  be  readily  caught  in  a  small  dredge  net,  although  it  would  be  taken  with- 
out difficulty  by  the  beam  trawl.  The  eggs  of  the  squid,  on  the  other  hand,  were 
brought  up  very  frequently  both  by  the  Fish  Hawk  and  the  Phalarope.  The  range 
of  this  species,  as  stated  by  Dall,  is  from  Penobscot  Bay,  Me.,  to  South  Carolina.  It 
thus  ranks  among  the  predominantly  southern  species. 

Shells  of  the  little  known  Sptrula  peronii  sometimes  drift  to  the  outer  island  shores, 
and  one  specimen  of  an  octopus  (Parasira  calenuiala)  was  taken  many  years  ago  in  Vine- 
yard  Sound. 

10.  ADELOCHCMIDA. 

One  species  of  Balanoqlossus  (B.  awan/iacus  (Girard))  is  common  at  various  points 
along  shore,  where  it  burrows  rather  deeply  into  the  sand  or  gravel.  So  far  as  we  know, 
it  has  never  been  taken  locally  with  the  dredge. 

II.  TUNICATA. 

Tunicates,  particularly  the  compound  forms,  constitute  a  conspicuous  feature  of  the 
fauna  of  some  portions  of  our  local  sea  bottom.  Certain  species  likewise  abound  on 
piles  and  on  eel  grass  and  rockweed  along  shore,  while  one  or  more  pelagic  forms  are 
occadonally  abundant  within  the  limits  of  our  region.  The  total  number  recorded, 
however,  is  small,  only  22  "  determined  species  being  included  with  certainty  in  our  cata- 
k^ue;  together  with  about  10  which  are  unidentified  or  doubtful.  Of  these  i4(  +  6?) 
were  encountered  during  our  dredging  operations.  The  average  number  of  spedes  taken 
per  dredge  haul  was  only  i.i,  though  considerable  clusters  of  Styela  partita,  associated 
with  Molgula  manhaltensis,  Peropkora  viridis,  Didemnum  lularium,  and  perhaps  other 
compound  forms  were  at  times  brought  up  together.     The  form  having  the  most  general 

"Tbroaihoutourtworis  AinanmnHm  ftlluatlum  and  "j4ma/iiiicniiii  amiullaiutn"  were  listrd  frpamiely  btuI  truted  u 
iadppaid«nt  spRia.  Owinc  to  tfa«  rudy  distioEuii^bility  of  thcK  iwd  forma  and  their  Hmewhat  diffnent  habitetB  wcluvc 
not  thought  it  worth  while  to  radjuit  our  ncordiuid  computatioiu.  despite  Dr.  Vui  Nune'i  Bcfixunc  dcmautration  of  tb« 
tptabc  identity  ol  ttie  two. 
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distribution  was  Dtdemnum  lularium  Van  Name,  which  was  takep  at  99  of  the  regular 
dredging  stations;  thus  not  8  single  species  was  taken  with  sufficient  frequency  to  appear 
in  the  list  of  those  recorded  from  one-fourth  or  more  of  the  entire  number  trf  stations. 
Only  eight  spedes  were  taken  at  as  many  as  10  of  the  stations. 

As  in  the  case  of  some  other  groups,  certain  of  the  earlier  identifications  by  the  col- 
lectois  in  the  field  were  made  with  a  confidence  which  did  not  afterwards  seem  to  us 
justified.  During  the  later  seasons,  accordingly,  we  preserved  for  reference  to  specialists 
a  much  larger  proportion  of  the  specimens  taken.  The  only  instances  of  ambiguity  in 
our  records,  which  seem  worth  considering,  relate  to  the  species  of  Amaroncium  and  to 
Molgula  arenata.  The  former  were  commonly  identified  in  the  field  by  means  of  a  super- 
ficial ejtamination.  Subsequent  information  leads  us  to  believe  that  such  identifications 
were  tor  the  most  part  correct ;  since  the  commoner,  at  least,  among  our  local  species 
are  in  most  cases  readily  distinguishable  by  obvious  characters.  The  small,  sand-covered 
solitary  asddians,  taken  in  the  western  portion  of  Vineyard  Sound,  were  at  first  referred 
by  us  to  a  single  species,  Molgula  arenata.  We  were  informed  by  Prof,  Hitter,  however, 
that  another  of  our  local  species,  Eugyra  glutinans,  is  superficially  very  similar  to  the 
former,  and  that,  in  the  case  of  preserved  specimens,  dissection  is  necessary  in  order  to 
distinguish  between  the  two.  Both  species  have  been  determined  by  Prof.  Ritter  in  the 
material  submitted  to  him;  so  that  we  feel  confident  in  fisting  both  of  them  for  the 
western  part  ctf  Vineyard  Sound.  On  the  other  hand,  it  is  more  than  pos^ble  that  some  of 
our  earlier  records  for  "Molgula  aretuUa"  refer  in  reafity  to  £ti^>ra  (//uitnanj,  while  some 
of  those  for  the  latter  species  depend  upon  an  assumed  specific  identity  between  specimens 
which  were  hastily  examined  and  others  which  had  been  authoritatively  determined. 
In  view  of  this  uncertainty,  it  has  been  thought  best  to  plot  but  a  angle  chart  for  these 
two  species,  denoting  by  the  stars  (rf  solid  black  those  stations  from  which  Molgula 
arenata  was  recorded,  and  by  the  open  stars  stations  from  which  Eugyra  glutinans  was 
recorded. 

It  is  thought  likely  that  errors  of  omission  have  been  relatively  infrequent  in  oiu- 
records,  dnce  few  of  the  local  species,  so  far  as  known,  are  minute  or  inconspicuous.  It 
is  not  unlikely,  however,  that  some  of  the  smaller  sand  or  mud  covered  solitary  asddians 
may  have  escaped  us,  and  it  is  possible  that  certain  less  common  spedes  {e.  g.,  of  Mol- 
guia)  have  been  confused  with  the  more  familiar  ones  and  recorded  along  with  the  latter. 

We  are  indebted  to  Prof,  W,  E.  Ritter,  of  the  University  of  California,  for  identif)ing 
a  large  number  of  the  simple  asddians,  and  to  Dr.  W.  G.  Van  Name,  of  New  Haven, 
for  identifying  many  of  the  compound  forms.  To  these  same  authorities  we  are  like- 
wise indebted  for  criticizing  the  manuscript  relating  to  each  of  these  respective  subdi- 
visions, and  we  have  adopted  the  classification  and  nomenclature  advised  by  them. 
Prof.  Ritter  expresses  himself  as  bdng  skeptical  regarding  the  identity  of  many  of  the 
Atlantic  coast  spedes,  and  some  of  his  determinations  have  been  made  with  no  great 
confidence.  In  such  cases  the  doubtful  character  of  the  identification  has  been  indicated 
in  the  list.  Dr.  Van  Name  has  felt  himself  justified  in  making  two  rather  radical  changes 
respecting  the  genera  Amaroucium  and  Leploclinum  (Didemnium).  (See  faunal  cata- 
logue, p,  731-733). 

To  Prof.  W.  A.  Herdman,  <rf  Liverpool  Univeraty,  we  are  indebted  for  suggestions 
and  advice  relative  to  this  group  during  the  later  stages  of  the  writing  of  this  report. 
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Verrill  and  Smil;^  (1873)  listed  18  determined  species  of  tunicates  for  local  waters, 
together  with  two  which  were  not  definitely  recorded  for  the  region,  and  five  others 
which  werenot  spedfically  determined.  A  number  of  these  asddians  had  been  recently 
described  by  Verrill  himself  from  specimens  taken  in  the  vicinity  of  Woods  Hole.  The 
Leploclinum  luleolmn  of  Verrill  is  not  regarded  by  Dr.  Van  Name  as  specifically  dis- 
tinct from  the  L.  aibidum  of  the  same  author,  which,  contrary  to  the  belief  of  "Verrill, 
does  not  appear  to  occur  within  the  limits  of  our  region.  The  "Ciona  tenella"  of 
Stimpson  and  of  Verrill  is  now  regarded  as  identical  with  C.  intesiiTtalis  (Unnseus), 
while  the  "Saipa  cahoH"  of  Desor,  which  appears  in  Verrill's  list,  is  not  believed  to  be 
distinct  from  the  Saipa  democratica-mucronaia  of  Forskal." 

Certain  species  listed  by  Verrill  (Molgvia  papulosa,  M.  pellucida,  M.  prodvcta,  Eugyra 
pUviaris,  Cynthia  carnea,  Glandula  aremcold)  have  not  been  recorded  for  local  waters  by 
any  subsequent  writers.^  On  the  other  hand,  one  species  new  to  science  (Bostricho' 
bronchus  molgvloides)  was  described  by  Metcalf  from  spedmens  taken  within  recent  years 
in  Buzzards  Bay.  Another  species  {Didemnum  lulartum  Van  Name)  although  abund- 
ant and  familiar  locally,  was  only  recently  described  for  the  first  time.  This  species 
had  hitherto  been  confused  with  Verrill's  Leploclinum  aHyidum  (=luteolum),  the  true 
home  of  which  is  north  of  Cape  Cod.  The  survey  has  encountered  a  number  of  species 
which  have  not  previously  been  listed  in  any  published  report  of  the  fauna  of  this  region. 
Such  are  Ascidia  complanata,  Eugyra  glutinans,  and  Saipa  zonaria-cordiformis;  also 
(doubtfully  determined)  Molgula  koreni,  M.  cifrina,  and  M.  pannosa. 

Twenty-eight  spedes  of  Tunicata  are  recorded  by  Wbiteaves  for  eastern  Canada; 
36  spedes  are  comprised  in  the  Plymouth  list;  45 (-f  14?)  for  the  Irish  Sea;  and  7$  for 
the  Gulf  of  Trieste.  Ten  of  the  Canadian  spedes  and  a  of  the  Plymouth  spedes  appear 
to  be  common  to  our  Woods  Hole  fauna.  In  considering  any  such  comparisons,  how- 
ever, it  must  be  bome  in  mind  that  practically  no  papers  have  been  pubUshed  during 
the  past  30  years  which  deal  with  the  New  England  Tunicata. 

Only  dght  charts  (190-197)  have  been  presented  as  illustrating  the  distribution 
of  the  bottom-dwdling  asddians  of  Vineyard  Soimd  and  Buzzards  Bay.  Of  these, 
seven  are  each  for  a  single  spedes,  while  another  is  based  upon  the  records  for  two 
spedes  (Molgula  arenata  and  Eugyra  glutinans)  concerning  which  some  confudon  exists 
(see  p.  156). 

Like  most  of  the  fixed  organisms  which  have  been  discussed  in  the  present  report, 
the  asddians  are  of  far  less  frequent  occurrence  in  Buzzards  Bay  than  in  Vineyard 
Sound.  Indeed,  oidy  two  spedes,  Molgula  manhattensis  and  Didemnum  luiarium, 
occur  with  any  frequency  in  the  Buzzards  Bay  dredgings.  The  following  figures  permit 
a  comparison  of  the  average  number  of  spedes  per  dredge  haul  taken  in  the  two  bodies 
of  water: 

Vineyard  Sound : 

FiahRawk 1.3 

Phalarope 1.6 

Buzzards  Day: 

Fish  Hawk 4 

Pbalaiope 7 

oRitta. 

ic  U>t  of  molEUlHit  ha 
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Far  in  excess  oi  aay  of  these  figures  is  that  expres^ng  the  number  of  species  taken 
at  the  seven  Crab  Ledge  stations.  This  is  3.3  per  dredge  haul.  Certain  localities  in 
Vineyard  Sound,  likewise,  notably  the  area  between  the  Middle  Ground  and  the  shores 
of  Marthas  Vineyard  were  especially  rich  in  tunicates.  For  example,  five  species  each 
were  taken  at  stations  63  and  7525,  while  six  species  were  taken  at  station  7751. 

As  in  many  previous  cases  which  have  been  discussed  by  us,  we  believe  that  the 
well-lcnown  difference  between  the  bottoms  of  Buzzards  Bay  and  Vineyard  Sound  is 
chiefly  responsible  for  this  difference  in  the  wealth  of  their  asddian  fatmas.  This  belief 
is  strengthened  by  a  consideration  of  the  average  number  of  species  per  dredge  haul 
taken  upon  the  three  principal  types  of  bottom  which  have  been  distinguished  by  us. 
The  figures,  according  to  this  basis  of  classification,  are  as  follows:  Mud,  0.4;  sand,  0.9; 
stones  or  gravel,  1.9.  Moreover,  as  in  many  previous  cases,  some  of  the  species  which 
are  absent  elsewhere  in  the  Bay  have  been  taken  near  shore,  where  the  mud  of  the  central 
region  largely  gives  place  to  sand,  gravel,  and  stones.  Such  in  particular  are  Styela 
partUa  and  Amarovciitm  pellvcidum  coTistellatum. 

As  is  well  known,  ascidians  are  dependent  upon  ciliary  currents  for  the  food  and 
oxygen  brought  to  them  in  the  water.  It  is  thus  natural  that  bottoms  of  soft  mud  should 
not  commonly  offer  them  a  congenial  habitat,  even  though  a  suitable  basis  for  attach- 
ment should  be  present."  The  occurrence  of  stones,  shells,  and  algae,  or  other  suitable 
bases  of  support  is  likewise  an  important  factor  in  determining  the  distribution  of  most 
spedes,  as  is  evident  from  a  comparison  of  the  abundance  of  asddian  life  upon  bottoms 
c^  stones  and  gravel  with  that  upon  bottoms  of  sand.  Herein,  also,  probably  lies  the 
explanation  of  the  scardty  of  bottom-dwelling  tunicates  in  the  western  half  of  '\^eyard 
Sound. 

Of  the  seven  spedes^  for  which  separate  distribution  charts  have  been  plotted,  all 
agree  in  being  dther  wholly  lacking  in  the  western  half  of  Vineyard  Sound,  or,  if  present 
there  at  all,  in  bdng  confined  to  the  inshore  (adlittoral)  stations.  As  has  been  already 
pointed  out,  this  western  area  of  Vineyard  Sound  (barring  the  inshore  re^on)  is  charac- 
terized by  the  presence  of  sand,  and  by  the  comparative  absence  of  stones  and  gravel. 
In  the  case  of  Styela  partita,  Molgula  manhattensis,  and  Perophora  nridis,  it  is  possible 
that  distribution  is  in  some  measure  determined  by  that  of  certain  algce,  dnce  these 
spedes  are  very  frequently  attached  to  the  latter.  An  inspection  of  the  distribution 
diarts  for  the  alg«,  however,  shows  few  spedes,  if  any,  whose  distribution  would  satis- 
factorily account  for  that  of  the  asddians  named. 

On  a  number  of  previous  occasions,  we  have  shown  the  likelihood  that  temperature 
has  been  the  factor  chiefly  concerned  in  exduding  certain  spedes  from  the  western  end 
of  Vineyard  Sound.  Various  predominantly  southern  spedes  seem  unable  to  thrive  in 
the  colder  waters  of  the  region,  just  as  certain  northern  forms  seem  unable  to  thrive 
elsewhere.  Now  an  inspection  of  the  table  below,  giving  the  ranges  of  our  commoner 
spedes  of  asddians,  shows  that  none  of  those  listed  are  predominantly  northward  ranging 
forms,  while  four,  on  the  other  hand,  are  predominantly  southward  ranging  forms,  some 
of  which,  indeed,  reach  thdr  northern  Umit  in  Cape  Cod.  Despite  these  facts,  it  seems 
to  us  unlikdy  that  tempemture  has  been  the  factor  chiefly  concerned  in  determining  the 

■  Bxceptka  mint  be  nude  fai  the  tut  of  that  ipecin  occunlDc  In  dfcjHc*  oout.  nuiiy  sf  which  ire  lUlkfd.    (Henlnua), 
t  Two  oI  thtK  uc  not  now  >ci>rd«j  by  Dr.  Vui  Nune  M  bebif  (pedCcaUv  diMiact,  bot  lor  reutrai  lUted  ibovc  (p.  ijj, 
leotiloU)  tbf ir  ilvulbutiaH  bave  been  plMtid  lepentdy. 
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scarcity  of  asddians  in  this  portion  of  Vineyard  Sound,  ance  several  of  the  forms  in 
question  (Didemnutn  and  all  of  the  species  of  Amaroucium)  are  abundant  in  this  cold 
water,  on  the  stony  bottoms  close  to  shore,"  and  even  on  Devils  Bridge,  off  Gay  Head. 
On  the  other  hand,  Molgula  arenala  (chart  190),  likewise  a  predominantly  southward 
ranging  form,  as  judged  from  known  records,  occurs  chiefly  in  the  western  part  of 
Vineyard  Sound,  where  its  congenial  habitat,  a  sandy  bottom,  is  more  prevalent.^ 

It  would  thus  seem  probable  that  the  temperature  factor  plays  little  or  no  part  in 
determining  the  distribution  of  asddians  within  the  limits  of  our  charts,  the  primary 
factor  being  the  character  of  the  bottom,  either  directly  or  in  its  effect  upon  the  distri- 
bution of  marine  algae. 

In  the  outlying  colder  waters,  however,  where  northern  representatives  of  nearly 
every  phylum  have  been  met  with,  we  have  found  a  number  of  asddians  proper  to  the 
"Acadian"  fauna.  Such  are  Halocynthia  echinata,"  Ascidia  complanata,  snd  the  Bottenia 
recorded  in  the  annotated  list,  all  of  which  spedes  have  been  dredged  by  us  at  Crab 
Ledge. 

An  interesting  difference  of  distribution  in  relation  to  depth  is  revealed  by  an 
analysis  of  the  records  for  Amaroucium  pellvcidum  consteilatwn  and  A.  slellatum.  The 
latter  was  dredged  only  once  at  a  depth  less  than  5  fathoms,  while  in  more  than  60  per 
cent  of  the  cases  it  was  taken  at  depths  of  10  fathoms  or  more.''  A .  cotulellalum,  on  the 
other  hand,  was  recorded  15  times  from  depths  less  than  5  fathoms,  while  in  over  60  per 
cent  (rf  the  cases  it  was  taken  at  depths  under  10  fathoms.  This  form  is  likewise 
known  to  occur  upon  piles,  etc.,  in  shallow  water,  while  we  have  not  observed  A.  slel- 
latum in  such  situations. 

The  following  list  comprises  all  those  spedes  which  were  recorded  in  our  dredging. 
The  asterisk  has  the  usual  significance. 


?  Molgula  citrina. 
fUoigala  koreni. 

*  Molgfula  muthattensis  (cbMt  191). 
f  Molgula  putnosa. 

*  Molgula  arenata  (chart  190}. 
Gugyra  glutinans  (chart  190). 
Halocyutliia  echiuata. 
Boltenia  *p. 

'  Styela  partita  (chart  191). 
S^ela  sp.  (Perhaps  new.— Ritter). 
Ascidia  complanBta. 

The  ranges  here  stated  for  the  dght  commoner  spedes  are  given  for  the  most  part 
on  the  authority  of  Verrill  (1873)  and  of  Van  Name  (1910).  The  statements  of  the 
latter  author  have  been  followed  for  the  compound  forms,  but  for  the  simple  ones  no 
data  later  than  those  offered  by  Verrill  appear  to  be  available. 


Botryllus  schloiseri. 

*  Perophora  viridis  (chart  193). 

*  Didemnum  lutarium  (chart  194). 
Aplidium  pallidum.' 

*  Amarcniciuiii  peiludicum'  (chart  195). 

*  Amanmcium  pelludicum   constdlatuni'  (chart 

1,6). 

Amarouctum  glabnun.* 
'Amaroucium  stellatum' (chart  197). 
Amaroucium  ap.    (Perhaps  new, — Ritter), 


■t  SankaCv  Hc*dsnl 
ic  lut  that  depthi  u  fat  u  U 
Booc  Ukm  UiUd  by  Badnun 
Im«  naoMt  noot  tbe  lew  refer  U 


ic  rtiiou.  U  howrvfTi  a  pndoBiiiiuitly  aorthcm  fortD. 
Vinevud  Sound. 

ooly  jA  per  cent  oi  the  itAtioiu. 
Biublc  Polydinid*."    Hsmrtr  bnpolca  the  cdtiDal 
■Dd  iwUly  diidncnUiaUe  member*  i4  oar  Iml  lunu. 
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Predominantly  loulkern. 

Ucdgula  maahatteiins Caaco  Bay  to  North  Carolina. 

Styela  partita Massachusetts  Bay  to  North  Carolina. 

Puophora  viridis Vineyard  Sound  to  Beaufort,  N.  C,  and  Bennuda. 

A.  pcUncidlllll Vmeyard  Sound  to  North  Carolina. 

Of  uncerlain  position. 

Ifolgula  arenata Long  Island  Sound  to  Nantucket. 

Didemnuni  lutarium New  Gi^Iand  coast  south  of  Cape  Cod. 

Amaroucium  stellatum Vineyard  Sound  to  North  Carolina  (?). 

A.  pellucidum  constellatum . . . .  Isles  of  Shoals  (?)  and  Gloucester  to  Cold  Spring  Harbor,  Long  Island. 

Thus,  according  to  the  information  at  our  disposal,  four  of  these  eight  species  are 
to  be  regarded  as  predominantly  southern,  while  the  remuning  four  have  only  been 
authentically  recorded  from  a  very  limited  section  of  the  coast.  Only  three  species  are 
known  to  occur  north  of  Cape  Cod. 


The  group  of  fishes  occupies  a  peculiar  position  in  the  present  work.  The  total 
number  of  species  listed  for  this  region  is  greater  than  that  for  any  other  group 
except  the  Crustacea.  There  are  247(4-6  ?)  spedes"  representing  i88(  +  2  ?)  genera 
and  99  families.  Only  a  very  small  proportion  of  these  (30  species)  have,  however, 
been  taken  in  the  dredge,  owing,  first,  to  the  fact  that  the  great  majority  of 
the  species  do  not  ordinarily  lie  upon  the  bottom,  and,  secondly,  to  the  fact 
that  even  the  largest  dredges  and  trawls  which  were  employed  were  not  well 
adapted  to  retaining  active  iisbes.  In  general,  we  may  say  that  this  Survey  has 
dealt  only  incidentally  with  the  fishes,  since  the  latter  do  not,  for  the  most  part, 
belong  to  the  benthos,  any  more  than  do  the  Medusfe  and  free-swimming  Crustacea. 
Our  knowledge  of  the  distribution  of  fishes  within  the  narrow  limits  of  such  a  small 
body  of  water,  and  of  the  causes  determining  this  distribution,  could  be  substantially 
increased  only  by  the  use  of  quite  other  implements  than  the  dredge.  As  regards  the 
catalogue,  on  the  other  hand,  it  seems  likely  that  the  list  of  local  fishes  as  a  whole  is 
more  complete  than  that  of  any  other  extensive  group  of  ot^nisms.  And  even  our 
dredging  has  resulted  in  the  capture  of  one  fish  which  was  not  previously  known  south 
of  Cape  Cod.     This  was  the  little  blennioid  species,  Ulvaria  subbifurcaia. 

For  the  past  40  years  Mr.  Vinal  Edwards,  throughout  the  year,  and  various  nat- 
uralists, during  the  summer  months,  have  been  engaged  in  an  active  search  for  new 
fishes.  To  the  extraordinary  zeal  of  Mr.  Edwards  and  his  rare  power  of  observing 
small  differences  and  recognizing  unusual  species  has  been  due,  in  large  measure,  the 
completeness  of  our  knowledge  of  local  fishes.  As  early  as  1873  Prof.  Baird  published 
a  list  of  Woods  Hole  fishes,  some  of  which  had  already  been  recorded  for  local  waters  by 
Storer  many  years  before.  This  list  has  received  continual  additions  from  year  to 
year  in  various  publications  of  the  United  States  Fish  Commission.  In  1898,  Dr.  H.  M. 
Smith  brought  together  all  the  previously  published  records  relating  to  local  fishes 
together  with  a  large  number  of  additional  ones,  and  prepared  the  most  complete  list 


1  sp«cin  of  nunipobranchli  have  been  Included  with  the  t 
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thus  far  presented.  This  contained  over  200  species  of  marine  fishes.  In  several  sup- 
plementary lists  and  special  notes  Dr.  Smith  has  amplified  this  catalogue.^ 

In  1908  Kendall  published  a  "List  of  the  Pisces "  for  the  "Fauna  of  New  England," 
series  of  the  Boston  Society  of  Natural  History,  but  few  changes  or  additions  were  made 
as  regards  the  fishes  of  the  vidnity  of  Woods  Hole.  All  this  material,  together  with 
many  new  data  and  a  few  entirely  new  records  for  species,  have  been  summarized  in  the 
aimotated  list  included  in  the  present  report.''  In  the  preparation  <A  the  latter  con- 
siderable collections  of  unpublished  notes  by  Mr.  Edwards  were  examined,  and  he 
himself  was  continually  questioned  throughout  the  progress  of  the  work.  The  data 
contributed  by  Mr.  Edwards  were  based  (1}  on  records  from  the  fish  traps  operated  by 
the  Bureau  of  Fisheries  in  the  neighborhood  of  the  Woods  Hole  station;  (2)  on  records 
from  the  fyke  nets,  which  have  been  set  during  the  fall,  winter,  and  spring  in  both  the 
harbors  of  Woods  Hole;  (3)  on  the  records  of  innumerable  sdning  trips  made  at  various 
times  of  the  year,  but  particularly  in  the  summer  months;  (4)  the  collections  made  by 
the  tow  net  suspended  from  the  end  of  the  pier  (furnishing  records  of  the  occurrence  of 
young  fishes) ;  and  (5)  from  specimens  or  information  received  from  fishermen  through-, 
out  all  of  the  local  waters.  Most  of  the  specimens  collected  during  the  dredging  opera- 
tions, and  many  more  which  were  caught  in  other  ways  during  this  period,  were  identi* 
fied  by  the  authors  of  this  report.  Those  concerning  which  any  doubt  was  felt  were 
referred  to  the  ichthyologists  of  the  Bureau  of  Fisheries.  To  Dr.  H.  M.  Smith  and  Dr. 
W.  C.  Kendall  we  are  indebted  for  a  critical  examination  of  our  check  list  of  fishes. 

In  our  Ust  of  species  are  comprised  2  Marsipobranchii,  26  Selachii,  and  3i9(  +  4?) 
Teteostomi.  In  our  comparative  table  (p.  89)  it  will  be  seen  that  the  fishes  have  been 
mduded  in  only  two  of  the  other  faunal  catalogues  therein  considered.  Herdman 
records  134  species  for  the  Irish  Sea,  i.  e.,  hardly  more  than  half  the  number  comprised 
in  our  own  catalogue,  while  Graeffe  lists  181  spedes  for  the  Gulf  oS  Trieste.  Here,  as 
elsewhere,  it  would  be  interesting  to  know  how  largely  these  differences  in  the  number 
of  spedes  are  actual  and  how  lai^ely  they  are  due  to  the  thoroughness  of  the  collecting 
and  recording.  It  must  be  borne  in  mind  that  our  own  list  comprises  a  lai^e  niunber  of 
species  which  are  not  indigenous,  being  stragglers,  whose  presence  in  our  waters  is  due 
to  the  proximity  of  the  Gulf  Stream.  The  number  of  such  exotic  spedes  is  probably 
peculiarly  high  in  our  region. 

Owing  to  the  small  number  of  spedes  taken  by  the  dredge  and  to  the  comparative 
paudty  of  the  records  even  for  such  as  were  taken,  the  data  thus  gained  relating  to  the 
local  distribution  of  these  spedes  have  not  been  very  impressive.  In  general  we  may  say, 
however,  that  while  some  species  appeared  to  have  an  unrestricted  distribution  in  loaJ 
waters,  many  more  fishes  were  taken  in  Vineyard  Sound  than  in  Buz/ards  Bay;  likewise 
that  a  number  of  species  occurred  wholly  or  mainly  at  the  western  end  of  the  Sound.' 

■  SaUbUoanphicIlrtfoithcfiiuiwIcaUlocue.  p.  ni, 

^Thc  moid*  cJ  Copt  (iBtd)  (or  Newport  have  bHnlndudal  hen.  )Jthouih  tbcy  wen  not 
the  "vidnltv  vt  Woodi  Hole"  to  ■  K)mewlut  diuUr  ana  than  the  "Woodi  Hole  Reiioii"  i 

•  It  k  likely  that  thli  btUi  lact  li  in  ■  certain  mcMdn  due  lo  the  intn  iRqucDcy  with  wl 
Dpoa  the  iandr  bottonu  M  the  wtftern  cod  d  Vtnewd  Sonnd.   Tliii 
Malninc  fiibn  tbao  wen  the  cCher  typea  ol  dndie  emcdoycd. 
16369° — Bull.  31,  pt  I — 13 II 
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There  is  no  evidence  whatever  for  distribution  in  accordance  with  temperature 
within  the  narrow  limits  of  the  present  region.  Most  of  the  species  taken  in  the  dredge 
are  ones  which  have  a  more  or  less  extended  northerly  as  well  as  southerly  range  along 
the  coast,  and  it  so  happens  that  Pholis  ffnnnelus,  the  only  strictly  northern  species 
which  was  dredged  with  any  frequency,  was  taken  at  scattered  stations  throughout 
most  of  the  Sound,  but  was  not  recorded  from  its  western  end.  It  is  quite  likely  that 
the  local  distribution  of  this  fish  is  limited  by  the  character  of  the  bottom  (by  preference 
stony)  and  by  the  occurrence  of  certain  clgx.  Those  fishes  which  are  recorded  with 
greatest  frequency  at  the  western  end  of  the  Sound  are  mainly  species  of  flounders  and 
skates,  which  occur  predominantly  on  sandy  bottoms.  Of  the  five  species  thus  restricted 
(Raja  erinacea,  Lopkopsetla  maculata,  Paraiichthys  Mongus,  and,  to  a  less  extent,  Para- 
lichlhys  dentatus  and  PseudopUuronectes  americanus),  two  are  predominantly  southward 
ranging,  while  the  other  three  have  ranges  which  extend  about  equally  in  both  directions. 
Thus  the  character  of  the  bottom  in  this  western  area  of  Vineyard  Sound  is  doubtless 
responsible  directly  or  indirectly  for  the  distribution  of  these  fishes.  The  case  is  quite 
different  from  that  of  many  other  organisms  which  have  been  conddered  by  us,  whose 
presence  near  the  open  end  of  the  Sound  is  to  be  expluned  by  reference  to  the  lower 
water  temperature  which  obtains  there. 

£ven  if  we  had  a  full  and  accurate  knowledge  of  the  local  distribution  <A  these 
A^rious  fishes,  we  should  hardly  expect  to  find  the  same  dependence  upon  temperature 
conditions  as  was  found  in  the  case  of  some  other  organisms.  Since  fishes  are  free  to 
move  from  place  to  place  according  to  their  needs,  they  are  not  subject  to  the  constant 
influence  of  any  set  of  conditions  acting  throughout  the  entire  life  cycle,  as  is  the  case 
with  fixed  or  slowly  moving  organisms.  It  may  well  be  (see  pp.  175-177)  that  the  restrict- 
ing effects  of  a  colder  or  warmer  environment  in  relation  to  distribution  depend  in  many 
instances  upon  its  action  during  the  reproductive  period  alone,  and  that  the  adult 
organism  itself  might  be  able  to  thrive  under  omditions  unfavorable  to  its  early  develop- 
ment or  to  its  reproductive  activity.  Indeed  it  is  likely  that  such  a  possibiUty  is  often 
realized  in  the  case  of  animals  having  sufficient  powers  of  locomotion.  And  it  is  perhaps 
among  the  fishes  themselves,  many  of  which  migrate  to  warmer  waters  for  the  purposes 
of  reproduction,  that  the  best  examples  may  be  found. 

The  distribution  of  most  fishes  witliin  the  narrow  Umits  of  such  a  region  as  the  pres- 
ent one  is  doubtless  determined  chiefly  by  the  occurrence  of  their  food  supply.  This  we 
may  say  with  a  high  degree  of  probability,  although  we  may  not  be  able  to  determine 
many  definite  cases  of  correlation  between  the  occurrence  of  particular  species  of  fishes 
and  the  particular  organisms  which  serve  as  their  food.  In  the  case  of  such  predom- 
inantly bottom  dwelling  species  as  the  flounders  and  the  skates,  it  seems  very  probable 
that  the  character  of  the  bottom  is  an  independent  factor  in  determining  distribution. 
Such  fishes  require  beds  of  comparatively  clear  sand,  upon  which  they  rest  or  under 
which  they  may  find  concealment. 
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The  following  is  a  list  of  the  spedes  of  fishes  recorded  during  the  survey  dredging. 
The  asterisk,  here  as  elsewhere,  denotes  those  species  which  were  taken  at  10  or  more 
stations. 

"Prionotus  caiolititis  (chart  105). 

Gobiosoma  bosci. 
'Pholis  gunnellus  (chart  306). 

Ulvaria  subbifurcata. 

Zoarces  aoguillaris. 

Herluccius  bilineaiis. 

Uropbycis  regiua.  ■ 

Uinphyds  tenuis. 

Uniphycis  chus. 

'Parolichthya  dentatoa  (chart  107). 
o-paralichthysoblongus  (chart  ao8). 

Limanda  femtginea. 
*Pseudopleuroiiectes  americanus  (chart  309). 
*Lophopaetta  maculata  (chart  no). 

Lophiiia  piscatoriiu. 


*Raja  erinacea  (chart  igS). 

Gasteiosteus  aculeatus. 
*Syiignathus  fuscus  (chart  igg). 
•Ammodytes  Bmericanus  (chart  aoo). 

PoroDotus  tiiacanthus. 

Centn^ristea  atriatus. 
*SteiKitotinia  chrysops  (chart  aoi). 
*TauttigoIabni3  adspeisns  (chart  aoi). 

Monacanthiis  bispidus- 
*Spheroides  nuculatus  (chart  303). 
'Hyoxocephalua  teii«us  (chart  aot), 

HyDSDCephalus  octodeciinspiiioeus. 

Hemitripterus  americanus. 

Cyclopterus  lumpus. 

N«oliparis  atlanticua. 


The  13  most  common  species  which  were  taken  in  the  dredge  tnay  be  grouped  as 
follows  in  respect  to  thdr  known  geographical  range:  Predominantly  northern,  2;  pre- 
dominantly southern,  5;  approximately  equal,  6.  The  ranges  for  these  species  will  not 
be  stated  here,  dnce  these  are  given  in  the  table  below,  which  gives  the  distribution 
of  all  our  local  species. 

Leaving  the  consideration  of  these  few  species  which  were  taken  with  the  dredge 
and  passing  to  a  consideration  of  the  entire  array  of  species  which  have  been  reported 
from  the  vicinity  of  Woods  Hole,  we  may  say  that  our  local  fish  fauna  is  overwhelmingly 
southern  in  its  character.  In  the  subjoined  lists  the  Woods  Hole  fishes  have  been 
grouped  into  (i)  those  which  are  predominantly  northward  ranging;  {3)  those  which  are 
predominantly  southward  ranging;  and  (3)  those  which  have  an  approximately  equal 
nu^^  in  both  directions  or  regarding  which  the  data  are  not  sufficiently  known.  The 
distributions  here  stated  are  taken  in  the  main  from  Jordan  and  Everroann's  "Fishes 
oi  North  and  Middle  America,"  supplemented  by  data  published  by  H.  M.  Smith  and 
by  W.  C.  Kendall. 

It  will  be  seen  that  only  39  spedes,  or  less  than  12  per  cent  of  the  entire  number, 
are  grouped  among  the  northward-ranging  forms,  while  over  75  per  cent  are  grouped 
among  the  southward-ranging  forms.  The  remaining  13  per  cent  can  not  well  be  classed 
in  dther  division,  and  th^  have  accordingly  been  grouped  by  themselves. 

Viewing  these  data  in  another  way,  it  will  be  seen  that  nearly  half  of  the  total 
number  of  spedes  (4S  per  cent)  have  not  been  recorded  from  any  point  north  of  Cape 
Cod.  In  this  connection  allowance  must  of  course  be  made  for  the  possibiUty  that  the 
frequent  appearance  of  Cape  Cod  as  the  northern  limit  of  distribution,  according  to 
published  reports,  results  largely  from  the  drcumstance  that  the  fishes  of  Cape  Cod 
and  vidnity  have  been  more  fully  listed  than  those  of  almost  any  other  point  on  the 
coast.  An  equally  diligent  search  of  the  waters  to  the  northward  will  probably  reveal 
the  presence  of  many  spedes  which  have  hitherto  been  supposed  to  be  limited  by  this 
barrier.* 

er  d  (pcda  lor  nonheni  Nm  Enclxid,  whkti  by  Jordan  uul  Bvtnnuin  were 
nMaNcdlorpc 
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Again,  it  is  true  that  a  very  large  number  of  the  species  which  have  been  recorded 
for  the  Woods  Hole  region  do  not  really  belong  to  our  local  fauna  at  all,  but  are  to  be 
regarded  as  occasional  stragglers  which  probably  follow  the  Gulf  Stream  hither  from  the 
tropical  or  semitiopical  seas.  Such  without  exception  are  the  barracudas  (Sphyisenidx) , 
pompanos  (Trachynotus),  groupers  {Epinephelus,  Caruppa,  Mycieroperca),  snappers 
{Lutianus),  parrot-fishes  {^Scarus,  Sparisoma),  butterfly- fishes  {Ckatodon),  surgeon-fishes 
(Teuthis),  trunk-fishes  (Laclophrys),  and  the  sargassum-fish  (Pleropkryne  kislrio); 
together  with  most  of  the  fiying-fishes  (ExoccEluicE),  drums  (Sci^nidiB),znd  many  others. 

But  the  list  of  southward-ranging  spedes  is  likewise  seen  to  comprise  the  greater 
number  of  our  most  familiar  local  fishes,  both  the  permanent  residents  and  the  "migra- 
tory" species,  which  are  only  observed  during  half  of  the  year  or  less. 

Of  the  northern  species  less  than  half  are  taken  with  any  frequency  in  local  waters. 
To  this  group  belong  most  of  the  sticklebacks  and  sculpins,  the  lumpsucker  and  "sea 
snails,"  all  of  the  "blennifonn"  fishes  (Pkolis,  Ulvaria,  Cryptacanihodes,  Anarhichas, 
Zoarces,  Lycodes),  about  hiOf  of  the  Gadidx,  three  of  the  flounders,  and  several  others. 
It  is  quite  likely  that  in  the  deep,  cold  waters  offshore  other  representatives  of  the 
northern  fish  fauna  would  be  taken. 

The  following  table  includes  all  (A  the  identified  species  comprised  in  our  annotated 
list,  grouped  according  to  their  known  range  as  northern  or  southern. 

special  having  a  predominanlly  norilmiard  range  (2j)). 

Myxine  glutinasa North  Atlantic,  south  to  Cape  Cod;  one  record  off  Delawate. 

?Cetorhinus  maximus Arctic  seas,  straying  as  far  as  Virginia. 

Rajaocellata Eastport  to  New  York. 

Salmosalar Hudson  Bay  to  Cape  Cod;  (ortnerly  in  Hudson  River  and  Delaware 

River. 

Fungitiiu  pungitius Arctic  Sea  to  Long  Island. 

Gasterosteus  aculeatus Labrador  to  New  Jersey. 

Gasterosteus  bispioosus Bay  of  Fuody  to  Woods  Hole  and  perhaps  Connecticut. 

Tautogolabrus  adspersiu Labrador  to  Sandy  Hook. 

Sebastea  marinus Greenland  to  New  Jersey. 

Hyoxocephalus  grtmlandicus  .  .Greenland  to  New  York. 
Myoxocephalus  octodecimspino- 

sus Labrador  to  Virginia. 

Hemitriptems  atnericanus Labrador  to  New  York. 

Cyclopterus  lumpus North  Atlantic  south  to  New  York. 

Neoliparis  atlanticus Newfoundland  to  Cape  Cod;  Woods  Hole. 

Liparis  liparis Spitzbergen  to  Connecticut. 

Pholis  gunnellus Labrador  to  Bridgeport,  Conn. 

Ulvaria  subbifurcata North  Atlantic  south  to  Cape  Cod;  Vineyard  Sound. 

Cryptacanthodes  maculatus Labrador  to  Long  Island  Sound. 

Anarhichas  lupus North  Atlantic  south  to  Cape  Cod;  Narragansett  Bay, 

Zoarces  anguillaris Labrador  to  Delaware. 

Lycodes  reticulatus Greenland  to  Narregansett  Bay. 

Potlachius  vtrens North  Atlantic  south  to  Cape  Cod;  Long  Island  Sound. 

Microgadus  tomcod Labrador  to  Virginia. 

Rhinoncmus  cimbrius North  Atlantic  south  in  deep  water  to  the  Gulf  Stream. 

Gaidropsarua  argentatus Greenland  to  Vineyard  Sound. 

Biosmius  brosme North  Atlantic  south  to  Cape  Cod;  off  Newport. 

Hippoglossus  hippoglo«sus Northern  seas  southward  to  Sandy  Hook. 

Hippogkissoides  platessoides — North  Atlantic  south  to  Cape  Cod;  Rhode  Island, 
Limanda  ferruginea Labrador  to  New  York. 
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Speciet  having  a  pndominantly  loulkward  rangt  (rpo). 

Hustclns cuds Salem,  Mass.,  to  Cuba. 

Galeocerdo  tigrinus Cape  Cod  to  tropical  seas. 

Priooace  glauca Woods  Hole  aouthvrard;  warm  seas. 

Carcharliiiius  obscunis Nahont  to  North  Carolina. 

Carcharfainu^  milberti Cape  Cod  to  Florida. 

CBrchalfainus  Umbatus Woodi  Hole  (stray  specimens)  to  Brazil. 

Sphyrna  zygeena Cape  Cod  to  warm  aeas. 

Alopias  vulpea Eastport  to  warm  aeas. 

Carcharias  littoral  is Casco  Bay  to  North  Carolina 

Isurus  dekayi Casco  Bay  to  West  Indies. 

Carcharodos  carcharias Eastport  to  tropical  seas. 

Squalus  acantbias Canada  to  Cuba. 

Squatina  squatina Cape  Cod  to  Florida. 

Raja  eglanteria Gloucester  to  Florida. 

Rajaleevis Eastport  to  Florida. 

Tetronarce  occidentatis Casco  Bay  and  perhaps  Nova  Scotia  to  Cuba. 

Dasyatis  centrura Coast  of  Maine  to  Cape  Hatteras. 

?E)a3yatis  hastata Chatham  to  Brazil. 

Pteraplatea  maclura Woods  Hole  to  Brazil. 

Hyliobatis  freminvillei Cape  Cod  to  Brazil. 

Rhinoptera  bonasus Cape  Cod  to  Florida. 

Acipenser  sturio Penobscot  River  to  Charleston. 

Felichthys  marinus Cape  Cod  to  Texas. 

Galeicfathys  felis Cape  Cod  to  Texas. 

Anguilla  fostrata Gulf  of  St.  Lawrence  to  Mexico. 

Leptocephalus  conger Maine  to  Brazil. 

Mursena  retifera Tuckemuck  Island  to  coast  oi  South  Carolina. 

Tarpon  atlauticus Buzzards  Bay  to  Brazil.         * 

Elopssaurus Woods  Hole  to  tropical  seas. 

Albula  vulpes Woods  Hole  to  tropical  seas. 

Etntmens  teres Cape  Cod  to  Gulf  of  Mexico. 

Oupanodon  pseudohispauicus. .  Cape  Cod  to  Gulf  of  Mexico. 

Pomolobus  mediocris Maine  to  Florida. 

Alosa  sapidisuma Gulf  of  St.  Lawrence  to  Alabama. 

Opisthonemaoglinum Vineyard  Sound  to  West  Indies. 

Brevoortia  tyrannus Nova  Scotia  to  Brazil. 

Anchovia  brownii Cape  Cod  to  Brazil. 

Anchovia  argyropHanus Gulf  Stream;  occasional  northward  to  Woods  Hole,  Mass. 

Anchovia  laitchilli Casco  Bay  to  Texas, 

Trachinocephalus  myops Woods  Hole  to  Brazil. 

Synodus  fcetans Cape  Cod  to  Brazil. 

Fundulus  majalis Salem  to  Florida. 

Fundulus  heteroclitus Coast  of  M^ne  to  Rio  Grande. 

Lucaniaparva Woods  Hole  to  Key  West 

Cyprinodon  variegatus Cape  Cod  to  Rio  Grande. 

Tylosunis  marinus  Casco  Bay  to  Texas. 

Tylosurus  acus Buzzards  Bay  (occasional)  to  West  Indies. 

Athlennes  hians Woods  Hole  to  Brazil. 

Hyporhamphus  roberti Woods  Hole  to  Panama. 

Hemirhamphus  brasiliensis Woods  Hole  to  Brazil. 

Euleptorhamphus  velox Massachusetts  to  West  Indies. 

Parexoccetus  mesogaster West  Indies;  north  in  the  Gulf  Stream  to  Newport. 

Exoccetus  rondeletii Vineyard  Sound  to  tropical  seas. 
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Exoccetua  volituu Banks  of  Newfoundland  to  West  Indies. 

Cypselunu  heterurus Banks  of  Nenfoundlaiid  to  southern  coast  ctf  Uoited  States. 

Cypselunis  f  urcatus Cape  Q>d  to  warmaeas. 

Fistularia  tabacaria Rockport,  Mass.,  to  West  Indies. 

Syngnathus  f nscus Eastport  to  North  Carolina. 

Hippocampus  hudsonius Massachusetts  Bay  f  to  Charleston. 

Menidia  beryllina  cerea Sandwich,  Mass.,  to  South  Carolina. 

Mogil  cephalus Casco  Bay  to  Brazil. 

HngilcuTcnia Cape  Cod  to  Brazil. 

Sphynma  barracuda Woods  Hole  to  Brazil. 

Sphyrena  guachancho Woods  Hole  (occauonal)  to  West  Indies. 

Sphynena  borealis Cape  Cod  to  Cape  Pear. 

Polydactylus  octonemus Woods  Hole  to  the  RioGr^de. 

Hblocentras  tortugK (?) 

Mullus  auratus Cape  Cod  tb  Pensacola,  Fla. 

Auxisthazard Cape  Cod  (occaaonal)  to  warm  seas. 

Gyumoaarda  pelamis; Cape  Cod  to  warm  seas. 

Gynmosarda  aileterata Cape  Cod  (occasional)  to  West  Indies. 

Thunnus  thynnus Newfoundland  to  Caribbean  Sea. 

Genno  alalunga Woods  Hole  to  tropical  seas. 

Sardasarda Harpswell,  Me.,  to  Hatteras. 

Scomberomorua  maculatus Maine  to  Brazil. 

Scomberomonis  re^is Cape  Cod  to  Brazil. 

Scomberomonis  cavalla Cape  Cod  to  Brazil. 

Trichiurus  Icpturus Maine  to  West  Indies. 

Istiophonis  nigricana Woods  Hole  to  Weat  Indies. 

Tetrapterua  imperator Cape  Cod  (occaaional)  to  West  Indies. 

Xiphiaa  gladiua Cape  Breton  to  Cuba. 

Ol^oplites  aaurua Woods  Qole  to  West  Indies. 

Naucrates  ductor Mune  to  West  Indies. 

Seriola  zonata Salem,  Mass.,  to  Cape  Hatteras. 

Seriola  lalandi Woods  Hole  to  Brazil. 

Seriola  dumerili Woods  Hole  to  West  Indies. 

Decapterus  punctatua Cape  Cod  to  Brazil. 

Decapterus  macarellus Cape  Cod  to  warm  parts  of  Atlantic. 

l^achurus  trachurus Newport;  Pensacola. 

Trachuropscrumenophthalmus.Cape  Cod  (occasional)  to  West  Indies. 

Carangus  bartholomeei Woods  Hole  to  West  Indies. 

Caiangus  hippos Lynn  to  tropical  America. 

Carangus  cryaos Ipswich  Bay,  Mass.,  to  Brazil. 

Alectia  ciliaris Cape  Cod  to  tropical  America.  * 

Vomer  setipinnis Maine  to  Brazil. 

Selene  vomer Casco  Bay  to  Brazil. 

Trachinotus  falcatus Cape  Cod  to  Brazil. 

Tracbinotus  goodei Woods  Hale  to  West  Indies. 

Trachinotus  argenteos Woods  Hole  to  West  Indies. 

Trachinotus  carotinus Cape  Cod  to  Gulf  of  Mexico. 

Rachycentron  canadus Cape  Cod  to  warm  seas, 

Nomeua  gtonovii — Woods  Hole  to  tropical  Atlantic. 

Coryphsna  hippurus Cape  Cod  to  Texas. 

Palinurichthys  perciformis Maine  to  Cape  Hatteras. 

Peprilusparu Cape  Cod  to  Brazil. 

Bjronotus  triacanthus Nova  Scoria  to  Florida. 

Apogon  imberbua Mediterranean  and  neighboring  waters;  Brazil. 

Apogon  maculatus Marthas  Vineyard  to  Brazil. 
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Roccus  lineatus New  Brunswick  to  Florida. 

Horone  americanA Nova  Scotia  to  South  Carolina. 

Bpinephelus  adscensionis Hartlias  Vineyard  to  Brazil. 

Bpinei^elua  niveatus Woods  Hole  to  Brazil. 

Bpinephelu*  morio Marthas  Vineyard  to  Brazil. 

Garrapan^ta Marthas  Vineyard  to  Brazil. 

Uycteroperca  bonaci Marthas  Vineyard  to  Brazil. 

?Hycteroperca  interstitialis Marthas  Vineyard  to  Cuba. 

Centropristes  striatus Maine  to  Florida. 

Rypticus  bistrispinus Newport  to  Key  West. 

Lobotes  surinamensis Cape  Cod  to  warm  seas. 

Priacanthtu  arenatus Woods  Ifote  to  Brazil. 

Pseudopriacanthus  altus Harblehcad,  Mass. ,  to  West  Indies. 

Lutianus  griseus Woods  Hole  to  Brazil. 

Lutianus  jocu Woods  Hole  (occasional)  to  Brazil. 

Lutianus  apodus Woods  Hole  (rare)  to  Brazil. 

Lutianus  blackfordii Woods  Hole  (occasional)  to  Brazil. 

'  Lutianus  analis Woods  Hole  (occauonal)  to  Brazil, 

Ocyurus  chrysurus Marthas  Vineyard  to  Brazil. 

Ortbopristis  cluysopterus Marthas  Vineyard  to  Rio  Graijde. 

Stcnotomus  chiyaops Bastport,  Me.,  to  South  Carolbu. 

Lagodon  rhomboides Cape  Cod  to  Cuba. 

Archoeargus  probatocephalus . . .  Cape  Cod  to  Texas. 

Bucinostomus  gula Woods  Kile  to  Brazil. 

Kyphosus  sectatrix Cape  Cod  to  West  Indies. 

Kyphosua  incisor Nantucket  to  Brazil. 

Cynoacion  regalis Maine  to  Gulf  of  Mexico. 

Larimus  fasciatus Woods  Hole  (occasional)  to  Texas. 

SciKuops  ocetlatus Buzzards  Bay  to  Texas. 

Leiostoonis  xanthurus Cape  Cod  to  Texas. 

HtcropoeoD  undulatus Cape  Cod  to  Texas. 

Mentidirhus  saxatilis Casco  Bay  to  Florida. 

Pogoniaa  cromis Pmvincetown  to  Rio  Grande. 

Bupomacentnis  leucostictus Marthas  Vineyard  to  West  Indies. 

Abudefduf  saxatilis Newport  to  Uruguay. 

Tautoga  onitis New  Brunswick  to  Charleston,  S.  C. 

Sparisoma  flavescens Woods  Hole  to  Rio  Janeiro. 

Scarus  croicennt Marthas  Vineyard  to  West  Indies. 

Ouetodipterus  faber Cape  Cod  to  Rio  Janeiro. 

ChKtodon  ocellatus Woods  Bo\e  to  West  Indies. 

Cheetodon  capistratus Woods  Hole  to  West  Indies. 

Teuthis  cseruleus Marthas  Vineyard  to  Brazil. 

Teuthis  bepatus Marthas  Vineyard  to  Brazil. 

Teuthis  bahianus Marthas  Vineyard  to  Brazil. 

Balistes  caialinensis Annisquam,  Mass.,  to  tropical  Atlantic. 

Balistea  vetula Woods  Hole  (occasbnal)  to  West  Indies. 

Balistea  forcipatus Newport  (?)  to  Brazil. 

Canthidennia  aobaco Vineyard  Sound  to  West  Indies. 

tfonacanthus hispidus Lynn,  Mass.,  to  Brazil. 

Alutera  achttpf ii Portland,  Me.,  to  Texas. 

Alutera  monoceros ., Woods  Hole  to  West  Indies. 

Lactophrys  triqueter Marthas  Vineyard  to  West  Indies. 

Lactophrys  trigonus Woods  Hole  to  West  Indies. 

Lactophrys  tricomis Marthas  Vineyard  to  ttopical  Atlantic. 

Lagocephalus  herigatus Cape  Cod  to  Brazil. 
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Spberoides  spengteri Woods  Hole  to  Rio  Janeiro. 

Spheroides  maculatus Casco  Bsy  to  Florida. 

Spberoides  testudineus Newport  to  West  Indies. 

Dlodon  faystrix Buzzards  Bay  to  Utipical  seas. 

Chilomyctcnis  schspfi Hassocbusetts  Bay  to  Florida. 

CJiilomycterus  antillanim Woods  Hole;  Cuba  aad  Jamuca. 

Mola  mola Off  Portland,  He.,  to  tropical  seas. 

Soorpeena  piumieri Uartbas  Vineyard  to  Brazil. 

Soorpsoa  grandicomis Marthas  Vineyard  to  Brazil. 

Prionotuscainlinus Maine  to  Soutb  Carolina. 

Prionotus  strigatus Salem,  Mass.,  to  Virginia. 

Cephalacan thus  voli tans Maine  to  Gulf  coast. 

Gobius  stigmaticus Martbas  Vineyard  to  Rio  Janeiro. 

Gobiosoma  bosci Cape  Cod  to  Florida. 

Efheneis naucrates Salem,  Mass.,  to  warm  seas. 

Remora  remora Salem  to  West  Indies. 

Remora  bracbyptera Massachusetts  Bay  to  warm  seas. 

Rhombochirus  osteochir Cape  Cod  to  West  Indies. 

Lopholatiluscbanueleonticeps,  .Deep  waters  of  the  western  Atlantic. 

Opsanus  tau Massachusetts  Bay,  perhaps  Maine,  to  Cuba. 

Macrourus  bairdii Eastport  to  West  Indies. 

Paralicbthys  dentatus Casco  Bay  to  Florida. 

Lophopsetta  maculata Eastport  to  South  Carolina. 

Platophrysocellatus Marthas  Vineyard  to  Rio  Janeiro. 

Acliirus  fasciatus Cape  Ann  to  Texas. . 

Gymnacbirus  nudus Woods  Hole;  Brazil. 

Pterophryne  histrio Woods  Hole  to  tropical  Atlantic. 

Speciet  having  an  approximately  equal  rangt  la  the  north  and  touth,  and  ones  vihott  range  it  not  definiUly 
known  {31). 

PetTomyzon  marinus Eastport  to  North  Carolina. 

?l,amna  cornubica North  Atlantic;  occasionally  taken  on  coast  of  New  England  and  south- 
Raja  erinacea Maine  to  Virginia. 

Raja  radiata North  Atlantic. 

Clupea  harengus Notth  Atlantic  Ocean,  chiefly  north  of  Cape  Hatteras. 

Pomolobuspseudoharengus Atlantic  coast  of  the  United  States. 

Pomolobus  estivalis Atlantic  coast;  Eastport;  Southern  States. 

Salvetinus  fontinalis Labrador  to  Georgia. 

Osmenis  mordax Gulf  of  St.  Lawrence  to  Virginia. 

Haunilicus  pennanti Open  seas,  occasionally  off  New  England  coast. 

Fundulus  diapbanus Coast  of  Maine  to  Cape  Hatteras. 

ScombresoTE  saunia Newfoundland  to  Beaufort. 

Cypselurus  gibbifrona Only  two  specimens  known. 

Apeltes  quadracus Maine  to  New  Jersey. 

Menidia  menidia  notata Nova  Scotia  to  North  Carolina. 

Amraodytes  americanus Newfoundland  to  Cape  Hatteras. 

Scomber  scombrus Labrador  to  Cape  Hatteras. 

Scombercolias Maine;  England  to  Mediterranean;  Pacific  Ocean. 

Pomatomus  saltatrix Atlantic  and  Indian  Oceans,  widely  distributed. 

Bramaraii Open  seas,  widely  distributed. 

Ccntrolophns  nigcr Coasts  of  southern  Europe. 

Tetragonurus  cuvieri Open  Atlantic ;  off  Toulon  and  Haraeilles  and  near  Madeira. 

Myoxocephalua  eneus Casco  Bay  to  New  York. 

Merluocius  bilinearis Straits  of  Belle  Isle  to  Bahamas. 
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Gadus  callarias North  Atlantic,  Boutb  to  Virginia;  North  Carotina. 

Melanogrammus  zglefiDus North  Atlantic!  south  to  North  Carolina. 

Urophycia  regius North  Atlantic,  south  to  Charleston,  S.  C. 

Urophycis  tenuis Bankaof  Newfoundland  to  Cape  Hatteras. 

Urophycis  chuss Gulf  of  St.  Lawrence  to  Virginia. 

Paralichthys  obbngus Coasts  of  New  England  and  New'York. 

Pseudopleuionectesamericanus. Labrador  to  Chesapeake  Bay;  Georgia. 
LophiuE  piscatorius Nova  Scotia,  in  deep  water,  to  Barbados. 

13.  REPTOJA.  AVES.  MAMMALIA. 

These  groups  have  been  included  in  our  catalogue  for  the  sake  of  completeness, 
though  they  occupy  a  very  different  position  in  our  marine  faima  from  any  of  the  groups 
which  have  thus  far  been  discussed. 

Of  the  reptiles,  five  species  have  been  listed,  of  which  only  three  are  to  be  regarded 
as  marine  in  the  strict  sense  of  the  word.  These  are  the  sea  turtles,  which  are  occa- 
^onally  taken  in  fish  traps  or  otherwise  during  the  summer  months.  We  are  indebted 
to  Dr.  Leonhard  Stejneger  for  criticizing  our  manuscript  list  of  Reptilia  and  for  aiding 
us  in  the  identification  of  one  species. 

Of  the  birds,  only  swimming  spedes  which  are  known  to  frequent  salt  water  have 
been  listed.  In  some  cases  it  has  not  been  easy  to  decide  whether  or  not  a  ^ven  bird 
should  be  regarded  as  "  marine. "  In  the  preparation  of  this  list  we  have  received  much 
help  from  Dr.  G^.  Allen  and  Prof.  Lynds  Jones.  Dr.  Allen  has  kindly  examined  the 
manuscript  of  our  check  list.  The  nomenclature  of  the  American  Ornithologists'  Union 
has  been  adopted  without  modification.  In  the  preparation  of  this  list,  as  in  many  other 
parts  of  our  work,  we  have  received  substantial  assistance  from  Mr.  Vinal  Edwards,  who 
has  for  many  years  collected  birds  at  Woods  Hole. 

With  the  exception  of  the  muskrat,  mink,  and  seals,  the  mammals  of  our  list  are 
all  Cetacea.  The  source  of  these  records  has  been  indicated  in  the  list  itself.  Very  few 
(A  these  animals  are  seen  with  any  frequency  in  the  neighborhood  c^  Woods  Hole. 
Indeed  some  of  the  whales  have  not  been  noted  within  the  region  for  many  years.  We 
are  indebted  to  Dr.  F.  W.  True  for  a  number  of  the  records  for  spedes,  as  well  as  for 
criticizing  our  manuscript. 
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Chapter  V.    THEORETICAL  CONSIDERATIONS. 
I.  FACTORS  DETERMINING  EHSTRBUTION. 

As  a  result  of  our  labors,  the  distribution  patterns  of  a  large  number  of  species 
have  been  portrayed  graphically.  Even  if  these  were  offered  merely  as  empirical 
facts,  without  any  attempt  at  an  explanation,  we  feel  that  their  publication  would  be 
fully  justified.  But  many  of  these  distribution  patterns  are  not  purely  empirical.  On 
the  contrary  they  stand  in  evident  relation  to  certain  phyacal  factors  in  the  environ- 
ment. The  nature  of  these  factors  has  been  already  discussed  rather  fully  in  chapter 
II,  and  concrete  examples  of  thdr  influence  upon  distribution  have  been  instanced 
repeatedly  in  chapter  iv.  The  factors  which  we  believe  to  be  most  effective  directly 
and  indirectly  in  determining  the  distribution  of  the  bottom-dwelling  species  through- 
out these  waters  are  (i)  the  character  of  the  bottom,  considered  chiefly  in  relation 
to  its  physical  texture;  and  (2)  the  temperature  of  the  water.  To  these  we  may  add 
another  factor  of  far  less  extended  application,  so  far  as  concerns  our  dredging  results. 
This  is  (3)  depth  of  water,  or,  perhaps,  more  strictly,  proximity  to  shore,  though  this 
statement  demands  considerable  explanation. 

We  are  quite  aware  that  several  other  factors  are  generally  rect^nized'  as  being 
of  importance  in  determining  the  distribution  of  marine  or^nisms;  and  we  do  not 
wisli  to  be  understood  as  limiting  these  agencies  to  the  ones  here  enumerated.  But  we 
are  concerned  at  present  only  in  explaining  the  phenomena  encountered  by  us  during 
our  dredging  operations  in  the  vicinity  of  Woods  Hole.  The  factor  of  salinity  is  doubt- 
less of  the  highest  importance  in  determining  the  fauna  of  salt  marshes  and  estuaries, 
and  even  that  of  the  open  sea  n^r  the  mouths  of  rivers.^  But  there  are,  within  the 
limits  of  our  region,  no  streams  of  sufBcient  magnitude  to  seriously  affect  the  fauna  at 
any  con»derable  distance  from  shore.  Among  all  the  species  taken  in  the  course  of  our 
dredging,  we  have  encountered  not  more  than  two  or  three  which  seemed  to  be  restricted 
to  the  upper  portions  of  Buzzards  Bay,  where  alone  the  water  was  found  to  be  diluted 
in  any  condderable  degree  (cf.  charts  215-218).  The  most  striking  case  of  this  sort  was 
that  of  the  sponge  Tethya  gravida,  which,  so  far  as  we  Icnow,  has  only  been  taken  near 
the  head  of  Buzzards  Bay. 

The  presence  or  absence  of  other  organisms,  which  may  serve  as  the  food  of  a  given 
species  or  which  may  furnish  it  with  a  necessary  bads  for  attachment,  is  surely  to  be 
ranked  as  an  important  factor  in  influencing  distribution.  But  these  other  organisms 
are,  in  turn,  dependent  upon  inorganic  factors,  such  as  those  which  we  have  mentioned, 
and  thus  the  latter  may  be  regarded  as  ultimately  responable  for  the  distribution  in  all 
cases. 

<  For  Bdmlnble  tenenl  diiciu^ona  of  thii  subject  the  iwjct  1)  nfmcd  to  C,  C  J.  Pctriscn  (iSg}}.  Hcnlitwn  et  ■!.  (i$m). 
Wi!th«  (1891),  and  Allen  (iSm). 

t  Certain  nuriDC  Giha  have  been  held  to  be  feniltive.  directly  or  indiiectlr.  to  mnpuntively  slight  diflemices  in  the  density 
of  thdr  miToimding  medium.  Pettensen  (i8m)  bas  shown  that  the  kpiicaTatu*  dI  hening  upon  the  Norweilaa  coast  is  coire- 
Ulcd  with  peiiodic  chanies  o(  water  salinity:  but  alnce  the  Utter  dumia  an  simultaneous  with  chances  in  the  tempetatuic 
■ndin  the  food  supply,  it  would  seem  dIfficuK  to  exdude  the  Influnin  [>f  these  latter  factors.  On  tlic  contrary.  It  b  well  known 
(Tide  Sumner,  i^,  p.  68>  that  many  marine  Gshea  arc  capabk  of  livinc  cquallv  well  in  waters  ol  widely  different  deittrs  o< 
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2.  Tfffi  LOCAL  FAUNA  AS  INFLUENCED  BY  THE  CHARACTER  OF  THE  BOTTCa* 

Of  the  three  factors  enumerated  above,  the  first  (character  of  bottom)  is  beyond 
doubt  the  most  effective  one  in  determining  the  distribution  of  organisms  within  the 
timits  under  consideration  by  us.  It  is  a  mere  truism  that  solid  objects  are  necessary 
for  the  attachment  of  whole  groups  of  fixed  organisms,  e.  g.,  hydroids,  Bryozoa,  asddians, 
barnacles,  etc.,  as  well  as  (A  many  algse.  The  presence  of  stones  or  shells  is  therefore 
essential  to  the  existence  of  such  forms.  The  absence  of  a  suitable  basis  of  support  we 
believe  to  account  in  the  main  for  the  comparative  scarcity  of  hydroids  in  Buzzards 
Bay.  Soft  mud  doubtless  interferes,  likewise,  with  the  respiratory  currents  of  many 
organisms,  and  these,  too,  would  be  better  fitted  to  live  in  Vineyard  Sound.  Other 
forms,  on  the  contrary,  require  a  muddy  bottom  in  which  to  burrow.  Thus,  many  of 
our  local  annelids  and  certain  bivalve  moUusks  are,  for  the  most  part,  restricted  to 
Buzzards  Bay.  In  some  cases,  as  stated  above,  the  relation  between  fauna  and  bottom 
is  less  direct,  as  witness  the  small  tube-dwelling  worms  of  the  genus  Spirorbis,  which 
commonly  adhere  to  various  algse. 

Since,  as  we  have  seen.  Vineyard  Sound  and  Buzzards  Bay  are  rather  sharply 
distinguished  from  each  other  by  the  presence  or  absence  of  mud  on  the  one  hand,  and 
of  dean  sand  and  gravel  on  the  other,  it  is  natural  that  the  most  obvious  distinction  in 
distribution  should  be  that  between  the  predominantly  Sound-dwelling  spedes  and  the 
predominantly  Bay-dwelling  spedes.  By  reference  to  the  lists  of  species  contained  in 
chapter  lu  it  will  be  found  that  40  per  cent  of  the  more  prevalent  species  dredged  by 
the  Fish  Hawk  in  Buzzards  Bay  do  not  appear  in  the  list  of  the  more  prevalent  species 
dredged  by  the  Fish  Hawk  in  Vineyard  Sound;  while  35  per  cent  of  the  spedes  con- 
tained in  the  latter  list  do  not  appear  among  the  former.  Our  distribution  charts, 
likewise,  reveal  the  occurrence  of  many  species  which  are  restricted  wholly  or  chiefly 
to  Vineyard  Sound,  and  a  considerable  number  of  others  which  are  restricted  wholly 
or  chiefly  to  Buzzards  Bay. 

Furthermore,  within  each  of  these  major  bodies  of  water,  the  local  distribution  of 
many  forms  is  very  obviously  determined  by  the  presence  of  one  or  another  variety  of 
bottom.  Thus  it  happens  that  many  spedes  whose  occurrence  in  Vineyard  Sound  is 
geneml  are  found  in  Buzzards  Bay  only  in  the  adlittoral  zone,  particularly  along  the 
Elizabeth  Islands.  Here  the  mud  is  less  prevalent,  and  the  bottom  approximates  in 
character  much  of  that  to  be  met  with  in  Vineyard  Sound.  A  type  of  distribution 
which  is  almost  the  converse  of  the  last  is  met  with  in  the  case  of  certain  mud-dwdling 
species,  which  are  of  general  occurrence  throughout  the  bottom  oi  Buzzards  Bay,  but 
which  in  Vineyard  Sound  are  confined  to  a  few  definite  areas  where  mud  is  known  to  be 
present  (e.  g.,  VoWto  limatula,  chart  135).  Vineyard  Sound  is  divisible,  as  has  been 
already  stated,  into  an  eastern  half,  in  which  the  bottom  is  predominantly  gravelly 
>and  stony,  and  a  western  half,  in  which  the  bottom  is  mainly  of  sand  (see  chart  337). 
Accordingly,  many  spedes,  particularly  among  the  attached  forms,  are  lacking  in  the 
western  half  of  the  Sound-,  except  in  the  littoral  and  adlittoral  zones;  while  certain 
sand-dwelling  spedes  (e,  g.,  the  "lady  crab,"  Ovalipes  ocellatus,  and  among  fishes  the 
rays  and  flounders)  are  especially  prevalent  in  that  very  region.  Such  cases  as  these 
are  not  always  easy  to  distinguish  from  those  to  be  discussed  presently,  in  which  temper- 
ature determines  which  half  of  the  Sound  is  inhabited  by  a  given  spedes.     The  lower 
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end  of  Buzzards  Bay,  like  its  eastern  shore,  is  comparatively  free  from  deposits  of  mud, 
and  accordingly  we  often  meet  with  species  here  which  occur  in  various  parts  of  the 
Sound,  but  which  are  rarely  or  never  met  with  in  the  more  central  parts  of  the  Bay. 
Here  again  the  temperature  factor  often  leads  to  ^milar  appearances,  and  it  is  therefore 
necessary  to  condder  the  total  range  of  a  species  before  we  can  form  any  definite  con- 
clusions as  to  which  factor  is  responsible  in  a  given  case. 

The  scardty  or  apparent  total  absence  in  Buzzards  Bay  of  a  considerable  number 
of  species  belonging  to  each  of  the  subkingdoms  is,  we  believe,  due  chiefly  if  not  entirely 
to  the  character  of  the  bottom.  It  is  true  that  the  annual  extremes  of  temperature  are 
somewhat  greater  in  the  Bay  than  in  the  Sound,  and  it  is  true  that  the  water  den^ty 
of  the  former  is  slightly  lower;  but  we  would  attribute  little  importance  to  these  factors 
in  determining  the  difFerences  in  their  respective  faunas. 

Tables  presented  in  chapter  in  show  that  the  list  of  prevalent  species  for  the 
Fisk  Hawk  stations  in  Buzzards  Bay  is  almost  identical  with  that  for  muddy  bottoms; 
while  the  list  of  prevalent  species  for  the  Fish  Hawk  stations  in  Vineyard  Sound  includes 
but  two  species  which  were  not  contained  either  in  the  list  for  sandy  or  in  that  for  gravelly 
bottoms.  This,  however,  can  hardly  be  regarded  as  independent  evidence  that  the 
differences  in  fauna  between  the  two  bodies  of  water  are  due  to  differences  of  the  bottom. 

As  regards  the  variety  of  life  found  to  occur  upon  the  various  types  of  bottom,  it 
was  shown  above  that  the  number  of  species  per  dredge  haul  was  greatest  for  the  bottoms 
of  gravel  or  stones  and  least  for  the  sandy  bottoms,  while  the  muddy  bottoms  held  an 
intermediate  portion  in  this  respect.  It  was  pointed  out,  however,  that  the  greater 
wealth  in  species,  recorded  for  the  muddy  bottoms,  as  compared  with  the  sandy  ones, 
might  be  due,  in  part  at  least,  to  the  fact  that  the  dredge  cut  more  deeply  into  the 
former,  and  thus  obtained  a  fairer  representation  of  the  burrowing  organisms. 

It  was  likewise  shown  statistically  that  the  average  number  of  species  per  dredge 
haul  was  greater  in  Buzzards  Bay  than  in  Vineyard  Sound.  This  was  true  despite  the 
fact  that  the  total  number  of  spedes  encountered  was  much  greater  in  the  Sound  than 
In  the  Bay.  We  have  interpreted  these  facts  as  signifying  that  while  the  wealth  of  spe- 
cies is,  on  the  average,  as  great  or  even  greater  at  each  particular  point  on  the  floor  of 
Buzzards  Bay,  the  greater  diversity  of  conditions  in  Vineyard  Sound  as  a  whole  results 
in  its  furnishing  a  habitat  to  a  greater  variety  of  spedes."  This  conduaon  is  quite  io 
harmony  with  the  fact  that  the  number  of  "prevalent"  spedes  for  Buzzards  Bay — i.  e., 
the  number  of  those  taken  at  one-fourth  or  more  of  the  dredging  stations — is  about  the 
same  (slightly  greater,  indeed)  than  the  similar  number  for  ^^neyard  Sound.  On  the 
assumption  of  a  greater  uniformity  of  life  conditions  throughout  the  former,  a  larger 
proportion  of  the  Bay-dwelUng  spedes  might  be  expected  to  occur  at  one-fourth  or  more 
of  the  stations,  even  though  the  total  number  of  such  spedes  were  smaller. 

We  think  that  the  reader  will  be  impressed,  as  are  we,  by  the  approximate  agreement 
among  the  figures  representing  the  wealth  in  spedes  of  the  different  types  of  bottom  < 
distinguished  by  us  and  of  the  different  subdivisions  of  the  area  dredged.  The  figures 
(p.  77)  denoting  the  average  number  of  spedes  per  dredge  haul  range  from  35.2  for  the 
Phaiarope  stations  in  Vineyard  Sound  to  39.7  for  the  Crab  Ledge  stations,  the  mean  for 
all  the  stations  being  37.0.     Again,  the  lists  of  more  "prevalent"  spedes  for  various 

'  Sc^  however.  dbcuBion  oa  i>p.  ?9.  Bo,  wbich  Tenden  this  conclusjon  •oowwhAt  uoccrtain. 
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hatntats  and  regions  are  of  approximately  equal  length,  the  number  of  spedes  ranging, 
mth  a  ^gle  exception,  between  50  and  55.  These  figures,  of  course,  in  no  way  express 
the  relative  wealth  of  animal  life  in  these  situations,  this  last  being  dependent  upon  the 
number  of  individvals  rather  than  the  number  of  species.  Unfortunately  we  have  no 
data  sufBdent  for  the  purpose  of  giving  a  statistical  expression  to  the  real  wealth  of  life 
upon  different  portions  of  the  local  sea  floor.  Particular  spots  were  found,  it  is  true, 
which  were  in  large  degree  destitute  of  life,  but  whether  or  not  any  one  of  the  types  of 
bottom  or  of  the  larger  subdivisions  of  our  region  was  more  densely  populated  than 
any  other  can  not  be  stated  with  mathematical  certainty.  It  is  our  general  impression 
that  living  organisms  were  found  to  be  somewhat  less  abun^nt  upon  bottoms  of  com- 
paratively pure  sand,  although  it  is  true  that  this  is  the  prevailing  type  of  bottom  in  the 
western  portion  of  Vineyard  Sound,  to  which  many  of  our  spedes  are  restricted." 

Another  fact  which  may  be  regarded  as  surprising,  despite  the  differences  pointed 
out  above,  is  the  comparatively  small  proportion  of  the  spedes  which  are  restricted  to 
any  particular  t)'pe  of  bottom.  Thirty  spedes  are  common  to  all  three  of  the  lists 
which  give  the  prevalent  forms  for  each  type  of  bottom,  this  number  representing,  on  the 
average,  60  per  cent  of  the  number  contained  in  each  list.  But  even  this  figure  does  not 
fairly  express  the  number  of  those  which  were  actually  found  with  considerable  fre- 
quency upon  all  three  types  of  bottom,  dnce  each  list  is  restricted  to  spedes  so  common 
as  to  have  been  encountered  at  one-fourth  of  a  given  group  of  stations.  Again,  only 
36  per  cent  of  the  spedes  contained  in  the  Ust  of  prevalent  mud-dwelling  forms  is  pecul- 
iar to  that  list;  while  only  24  per  cent  of  the  list  for  bottoms  of  stones  and  gravel,  and 
only  1 3  per  cent  of  that  for  sandy  bottoms  are  peculiar  to  their  respective  lists. 

We  do  not  think  that  these  figures  fairly  express,  however,  the  obvious  differences 
in  the  characteristic  faunal  aggregations  for  different  types  of  bottom,  as  presented  to 
the  eye.  This  is  because  they  do  not  take  into  account  the  relative  number  of  indi- 
viduals belonging  to  the  various  spedes.  Certain  spedes  which  are  characteristic  of 
muddy  bottoms  (e.  g.,  certain  bivalve  mollusks  and  worms)  are  present  in  great  numbers 
in  an  average  dredge  haul  made  upon  such  a  bottom.  But  along  with  them  are  smaller 
numbers  of  a  great  variety  of  species,  which  are  not  espedally  characteristic.  The  same 
may  be  said  of  the  other  types  of  bottom.  Thus  the  real  distinctness  of  the  faunal 
aggregations  in  question  could  only  be  adequately  expressed  by  reference  to  the  relative 
abundance  of  each  spedes.^  Again  it  must  be  once  more  emphasized  that  the  mixing 
up,  in  a  dngle  dredge  haul,  of  organisms  from  several  quite  distinct  bottoms  is  in  some 
measure  responsible  for  this  apparent  lack  of  distinctness  in  thdr  respective  habitats. 
This  is  particularly  true  of  relatively  small  areas  of  sea  floor,  such  as  those  under  consid- 
eration, in  which  quite  various  deposits  are  found  to  alternate  with  one  another  at  fre- 
quent intervals.  It  is  likdy,  indeed,  that  under  such  drcumstances  there  is  much  over- 
tapping  and  intermingling  of  faunal  aggregations  which  dsewhere  might  be  far  more 
distinct.  Finally,  it  must  be  remembered  that  the  lists  of  "prevalent"  spedes,  as  here 
constituted,  exclude  many  forms  which  are  highly  characteristic  of  the  bottoms  in  ques- 
tion, and  which,  in  some  cases,  are  restricted  to  them. 

d  It  is  here,  indeed,  that  Une  fishing  for  lOHCltcrtl  and  Oounden  ii  carried  on  with  tlie  Ereatest  gucccM, 
A  0(  COUTH,  in  H  rertaia  measuie  the  wealth  of  a  irlven  ipedes  in  individuabdeteiniines  the  frequency  with  vtilehitappcan 
B  the  dredcint  lecoidi.    It  la  Mll«rldcnt  tlut  the  more  abundant  apeda  an  more  likely  U>  tx 
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It  would  be  hard  to  characterize  in  any  brief  statement  the  faimal  assemblages 
proper  to  the  various  types  of  bottom.  Such  assemblies  have  been  presented  in 
four  illustrative  cases  (p.  58-62),  and  composite  pictures,  including  the  more  charac- 
teristic species,  have  been  given  elsewhere  in  chapter  Qi.  An  attempt  to  still  further 
condense  these  data  would,  we  fear,  result  in  a  mere  statement  of  platitudes.  It  may  be 
allowable  to  mention,  however,  that  the  most  characteristic  species  found  upon  muddy 
bottoms  were  annelids  and  bivalve  moUusks,  many  of  which  were  restricted  to  such 
bottoms;  the  most  characteristic  species  found  upon  bottoms  of  stones  or  gravel  were 
hydroids,  Bryozoa,  and  asddians;  while  the  few  spedes  which  were  in  any  real  sense 
restricted  to  bottoms  of  clearsand wereeither  burrowing  species  {thw/i/iej,£cA»narac/int«j, 
certain  lamelUbrancbs),  or  fishes  (flounders  and  skates)  which  adhered  closely  to  the 
bottom. 

3.  THE  INFLUENCE  OF  TEMPERATURE. 

The  temperature  factor  is,  with  little  doubt,  the  controlling  one  in  the  case  of  many 
spedes  belonging  to  several  different  phyla.  On  page  74.  is  given  a  list  of  spedes  which 
were  dredged  predominantly  or  exdusively  in  the  colder  waters  of  the  region,  i.  e.,  at 
the  western  end  of  Vineyard  Sound  and  the  mouth  of  Buzzards  Bay.  Here  the  summer 
temperature  of  the  bottom  water  averages  about  10°  F.  (5.6"  C.)  lower  than  in  the  imme- 
diate neighborhood  of  Woods  Hole.  Reference  to  the  stated  ranges  ot  these  spedes 
revealed  the  fact  that  in  1 5  out  of  the  20  cases  they  are  predominantly  northward-ranging 
forms,  some  of  which,  indeed,  are  near  thdr  southern  limit  of  distribution.  Reference 
has  also  been  made  to  a  number  of  less  common  forms  having  a  similar  distribution, 
but  which  are  not  included  among  those  for  which  distribution  charts  have  been  pre- 
pared. This  lat^  proportion  of  northward-ranging  spedes  among  those  occupying  the 
colder  waters  of  Vineyard  Sound  and  Buzzards  Bay  is  agnificant  in  view  of  the  fact 
that  a  dedded  minority  (23  per  cent)  of  the  spedes  dredged  by  us  with  any  frequency 
throughout  the  region  at  large  are  to  be  dassed  as  northward-ranging,  according  to  the 
standard  employed. 

It  is  of  interest,  also,  to  note  that  a  large  proportion  of  these  colder  water  spedes 
were  likewise  taken  by  us  at  Crab  Ledge,  off  Chatham,  where  the  water  temperatures  in 
summer  are  even  lower  than  at  the  mouth  of  Vineyard  Sound.  At  Crab  I,edge  and  at 
certain  other  outlying  points  were  also  taken  a  considerable  number  of  spedes  which 
appear  never  to  enter  Vineyard  Sound  or  Buzzards  Bay  at  all.  So  far  as  we  have 
ascertained  the  ranges  of  the  spedes,  they  belong,  almost  without  exception,  to  the 
"Acadian"  fauna  characteristic  of  the  waters  north  of  Cape  Cod. 

Another  list  was  presented  (p.  76)  of  spedes  which,  though  otherwise  of  general 
distribution  throughout  Vineyard  Sound,  and  in  many  cases  throughout  Buzzards  Bay 
as  well,  are  absent  from  just  those  waters  to  which  the  northern  types  are  restricted. 
This  list  was  found  to  indude  none  of  the  strictly  northern  types,  while  more  than  half 
of  the  spedes  there  included  were  forms  which  found  in  Cape  Cod  thdr  northern  limit 
of  distribution.  It  is  probable  that  the  temperature  factor  is  the  one  responsible  for 
this  type  of  distribution  in  some  cases  at  least.  Many  of  these  spedes,  it  is  significant 
to  state,  are  conspicuously  absent  from  Crab  Ledge.  On  the  other  hand,  it  is  likely  that  for 
some  other  organisms  (e.  g.,  the  asddians)  the  uniformly  sandy  condition  of  the  bottom 
in  this  outer  portion  of  Vineyard  Sound  and  the  scardty  of  soUd  objects  suitable  for 
attachment  render  it  an  unfavorable  habitat. 
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Although  we  believe  these  evidences  of  the  distribution  of  local  spedes  with  relation 
to  temperature  to  tie  well-nigh  conclusive,  the  fact  must  be  admitted  that  there  occur 
in  Vineyard  Sound  and  Buzzards  Bay  a  conaderable  number  of  predominantly  north- 
ward-ranging spedes,  and  a  yet  greater  number  of  southward-ranging  ones,  whose 
distribution  within  local  waters  bears  no  possible  relation  to  temperature.  These  are 
in  some  cases  of  very  general  occurrence;  tn  others  their  distribution  appears  to  be 
determined  by  the  character  of  the  bottom. 

The  actual  mode  of  operation  of  temperature  in  restricting  the  distribution  of 
spedes  locally  is  not  easy  to  state,  and  it  is  probable  that  no  single  formula  is  appli- 
cable to  all  cases.  In  chapter  11  the  temperature  conditions  throi^hout  local  wateis 
have  been  discussed  rather  fully.  It  has  been  shown  that  the  temperature  of  those 
portions  of  Vineyard  Sound  and  Buzzards  Bay  which  immediately  join  the  ocean  is 
lower  than  that  of  the  more  inclosed  waters  for  probtUily  not  more  than  half  of  the 
year,  the  difference  being  greatest  during  the  summer  months.  It  was  also  shown  to 
be  probable  that  all  the  waters  of  the  region  reach  a  point  not  far  from  the  freezing 
pCMnt  of  salt  water  for  a  longer  or  shorter  period  during  the  winter.  In  the  light  <^  ' 
what  we  know  r^arding  local  temperature  conditions  on  the  one  hand  and  the  dis- 
tribution of  our  marine  fauna  on  the  other,  it  will  be  of  interest  to  consider  certain 
theories  which  have  been  put  forward  to  explain  the  part  played  by  this  factor  in 
limiting  the  distribution  of  organisms  in  general. 

The  influence  erf  temperature  in  determining  the  distribution  of  marine  animals 
was  emphasized  by  Forbes  and  by  Dana  more  than  50  years  ago,  and  has  been  accepted 
as  almost  self-evident  by  a  large  number  of  naturalists.  Just  bow  this  factor  operates 
in  limiting  the  distribution  of  a  given  spedes  is,  however,  far  from  plain.  Dana,"  in 
1853,  introduced  the  concept  of  "isocrymal  lines,"  or  lines  showing  the  mean  tem- 
perature of  the  waters  along  thdr  course  for  the  coldest  30  consecutive  days  <rf  the 
year.  Ordinary  isotherms,  or  Unes  of  mean  annual  temperature,  he  rejects  as  inade- 
quate, on  the  ground  that  "the  cause  which  limits  the  distribution  of  spedes  north- 
ward or  southward  from  the  Equator  is  the  cold  of  winter  rather  than  the  heat  of 
summer  or  even  the  mean  temperature  of  the  year"  (p.  145a). 

Such  a  prindple  certainly  does  not  explain  the  effect  of  temperature  upon  distri- 
bution within  the  limits  of  our  local  waters.  Here  the  minimum  winter  temperatures 
are  probably  nearly  the  same  throughout  the  entire  region.  If  there  are  any  local 
differences  of  regular  occurrence,  it  is  without  doubt  the  shallower,  more  inclosed 
waters  which  attain  the  lowest  winter  temperatures.  But  these  are  predsely  not  the 
ones  which  are  occupied  by  the  northern  forms  of  which  we  have  spoken.  Within 
local  waters  it  is  certainly  the  summer  temperatures  rather  than  the  winter  ones 
which  are  chiefly  effective  in  limiting  the  distribution  of  spedes. 

Verrill  (1866,  p.  249)  maintained  that  for  birds  "the  essential  limiting  cause  is 
the  average  temperature  of  the  breeding  season,  which  for  the  majority  of  our  birds  may 
be  taken  as  April,  May,  and  Jmie."  This  idea  was  apparently  suggested  by  the  caxi- 
dustons  of  certain  botanists  respecting  the  distribution  of  plants.  Merriam  (1895, 
1898),  following  out  the  same  thought,  has  been  led  to  the  belief  that  "[land]  animals 
and  plants  are  restricted  in  northward  distribution  by  the  total  quantity  of  heat  during 

•  Dbu.  Its',  p.  I4S1-IS9";  ■•S3.  P-  lH-i6r.  J"T-J'I. 
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the  season  of  growth  and  repnxluction "  (1895,  p.  233);  while  "animals  and  plants  are 
restricted  in  southward  distribution  by  the  mean  temperature  of  a  brief  period  covering 
the  hottest  part  of  the  year"  (p.  234).  The  phrase  "total  quantity  of  heat"  above 
employed  is  not  to  be  taken  in  a  strict  sense,  however,  but  implies  "  the  effective  tem- 
peratures or  degrees  of  normal  mean  d^y  heat  in  excess  of  this  minimum  [6°  C.]" 
which  "  have  been  added  together  for  each  station,  beginning  when  the  normal  mean  daily 
temperature  rises  higher  than  6°  C.  in  spring  and  continuing  until  it  falls  to  the  same 
point  at  the  end  of  the  season"  (p.  232-233).  "In  conformity  with  the  usage  of  trata- 
nists,  a  minimum  temperature  of  6°  C.  (43"  P.)  has  been  assumed  as  marking  the 
inception  of  the  period  <^  phyaological  activity  in  plants  and  of  reproductive  activity 
in  animals"  (p.  233). 

It  is  obviously  imposable  without  qualification  to  apply  this  principle  in  explaining 
the  distribution  of  marine  animals.  Many  of  these,  as  is  well  known,  breed  during  the 
coldest  months  of  the  year,  at  a  time  when  the  temperature  lies  considerably  below  that 
assumed  byMerriam  as  a  necessary  minimum  for  physiological  activity;  and  there  is  no 
'general  agreement  in  the  breeding  season  of  even  closely  related  forms.  Unfortunately, 
the  period  of  sexual  reproduction  is  not  definitely  known  for  the  vast  majority  of  our  local 
spedes.  The  greater  part  of  such  definite  observations  as  are  available  are  contained 
in  the  rather  meager  notes  oi  Bumpus  (189S,  1898a,  iS98b),  Mead  (1S98),  and  Thomp- 
son {1899),  which  cover  only  the  spring  and  summer  months.  For  a  few  species,  how- 
ever {e.  g.,  certain  amphipods"  and  the  mollusk  LiUorina  paUiata),  we  have  definite 
evidence  that  e^:s  are  laid  nearly  or  quite  throughout  the  year. 

From  the  data  offered  by  Garstang  (1894)  for  the  breeding  periods  of  marine 
animals  at  Plymouth,  England,  we  may  make  a  rough  computation  of  the  percentage 
of  the  species  which  breed  during  each  month  of  the  year  in  those  waters.  The  follow- 
ing table,  based  upon  records  for  about  200  species,  presents  these  figures: 


janiufy 14 

Fcbnury 30 

March 93 

May 33 

June aS 


July 

September . . 

October 

November. . . 
December. . . 


It  is  impossible  to  state  how  far  these  figures  are  representative  of  the  total  marine 
fauna,  even  at  Plymouth,  and  how  far  they  have  depended  upon  the  relative  activity 
of  the  observers  during  different  months,  but  they  seem  to  show  that  a  con^derable 
proportion  of  the  species  reproduce  during  the  coldest  months  of  the  year.*  And  it 
would  be  a  safe  assumption,  even  in  the  absence  of  such  confirmatory  evidence  as  we 
possess,  that  the  same  statement  would  hold  for  the  region  of  Woods  Hole. 

Before  the  operation  of  Merriam's  law  can  t>e  accepted  as  a  sufficient  explanation 
of  the  non-occurrence  of  certain  southern  species  in  the  colder  waters  of  this  region,  it 
must  be  shown  that  the  "season  of  growth  and  reproduction"  coincides  with  the  period 
dtiring  which  these  waters  are  colder.     As  a  matter  of  fact,  we  know  that  a  considerable 

r,  DoRhwud-natlnE  tptda,  wbicfa  an.  In  our 
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number  of  species  belonging  to  this  category  (thougli  not  these  in  particular)  do  repro- 
duce sexually  during  the  summer  months.  In  few  cases,  if  any,  however,  do  we  know 
from  local  observations  that  their  sexual  period  is  confined  to  these  months.  We  may 
comment  parenthetically  upon  the  urgent  need  of  determining  the  reproductive  condi- 
tion of  local  marine  organisms  throughout  the  entire  year.** 

In  the  case  of  one  species  among  those  which  appear  to  be  restricted  to  the  warmer 
waters  of  the  region  we  have  definite  evidence  that  an  actual  destruction  of  adult  organ- 
isms may  occur  as  a  result  of  extreme  cold  in  winter.  We  refer  to  the  common  sea  urchin, 
Arbacia  /iwMctWafa,  which,  as  our  records  show  (see  pp.  1 14, 1 15),  was  almost  exterminated 
in  \^neyard  Sound  during  the  winter  of  1 903-4..  And  it  is  well  known  to  fishermen  and 
others  that  great  numbers  of  dead  fishes  and  mollusks  of  certain  species  are  frequently 
found  after  a  particularly  hard  spell  of  cold  weather.*  This  is  sometimes  attributed 
to  the  action  of  "anchor  ice"  or  "ground  frost,"  Gould  (1840)  cites  the  case  of  an 
extendve  destruction  of  oysters  which  was  believed  to  be  due  to  this  agency.  That 
anchor  ice  does  form  in  salt  water,  even  at  the  depth  of  a  number  of  fathoms,  and  that 
it  may  "freeze  around  fish  caught  in  nets,"  is  vouched  for  by  Sir  William  Dawson  and 
others,'  On  the  other  hand,  we  are  informed  by  Prof.  Herdman  that  he  has  had  personal 
knowledge  of  the  death  from  cold  of  fishes  in  aquaria,  and  even  of  burrowing  mollusks 
along  shore,  in  cases  where  actual  freezing  was  out  of  question.  It  seems  difficult,  indeed, 
to  believe  in  such  a  wholesale  formation  of  anchor  ice  throughout  Vineyard  Sound  as 
would  be  necessary  to  account  for  the  extermination  of  the  sea  urchins  by  this  agency. 
However,  the  extermination  did  occur  during  an  exceptionally  cold  winter,  and  it  seems 
a  legitimate  inference  that  it  resulted  in  some  way  from  the  cold. 

Now  it  is  known  that  Arbacia  finds  in  this  region  its  northern  limit  of  distribution 
upon  our  coast.  It  would  seem,  therefore,  that  in  this  latitude  it  is  adapted  to  withstand- 
ing the  average  winter  but  not  the  exceptional  one.  On  the  other  hand,  no  mere  refer- 
ence to  ■winter  temperatures  can  explain  the  absence  of  this  species  from  the  western  end 
of  Vineyard  Sound,  or  from  Crab  Ledge.  For,  although  at  these  latter  points  the  sum- 
mer temperatures  are  considerably  lower  than  they  are  nearer  Woods  Hole,  the  winter 
temperatures  are  no  lower,  and  posdbly,  indeed,  not  so  low.  Here,  then,  the  law  of  Mer- 
riam  may  have  application.  Arbacia  may  not  be  adapted  to  reproducing  in  these  colder 
waters. 

But  Merriam's  principle,  in  its  completed  form,  really  contains  two  wholly  distinct 
principles.  The  second  is  that  aiumals  are  "  restricted  in  southward  distribution  by  the 
mean  temperature  of  a  brief  period  covering  the  hottest  part  of  the  year"  (1895,  p.  234). 
It  is  not  stated  whether  this  effect  has  to  do  with  the  abiUty  of  the  adult  or^^nism  itself 
to  withstand  higher  temperatures,  or  whether  the  reproductive  power  is  curtailed. 

As  regards  the  distribution  of  our  local  marine  fauna,  this  phase  of  Merriam's  law 
can  apply,  if  at  all,  only  to  those  predominantly  northern  species  which  were  found  to  be 
restricted  to  the  waters  which  were  cooler  during  the  summer  months.  And  it  does  seem 
likely,  indeed,  that  some  of  these  species  are  unable  to  endure  the  high  temperatures 

<>  Addc  from  tlie  aae  ul  cntalo  6tba,  our  dMa  tot  the  irinUr  moDtbs  «R  dcrivrd  alnniM  whollr  fmn  an  ncamhutlon  d 
tdw-DCt  odlecdoiu  made  by  Mr.  Sdwarda. 

A  Tlie  KTapiDg  actioD  of  ordinpry  floating  ice  in  rcmovins  the  rock'Wcedi  {Fucusaad  Aseopkjilum)traoi  the  bouldcn  along 
■boft  ii  pointnl  out  Id  tbr  botMiiic&l  stction  of  tbb  report.  This  mmt  lunicy  doubtlos  nUiicts  the  distributioa  of  nidi  littoral 
>nhii>h  ai  lofaablt  these  weeds,  and  may  even  aflect  cntain  other  (oTmi.  e.  g..  bamadei,  which  occui  dlnctly  on  the  rodci.  But 
it  cm.  of  coiiiie,  have  no  influence  uixm  the  beothos,  with  which  we  ue  apcdally  conconed  here. 

•CI.  Banw).  1^,  p.  iia,  iij-115. 

i6a6g° — Bull.  31,  pt  i — 13 la 
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attained  by  our  more  inclosed  waters  during  the  hottest  part  of  the  summer.  For  the 
great  majority  of  cases,  it  must  be  admitted  that  this  explanation  is  wholly  ccmjectural. 
We  Icnow  of  at  least  one  species  of  animal,  however,  which  occurs  in  an  active  condition 
throughout  Vineyard  Sound  during  the  winter  and  spring,  but  which,  in  these  waters, 
passes  into  a  condition  of  aestivation  during  the  summer.  This  is  the  hydroid  Tubularia 
couihauyi  (see  p.  565).  Now  it  is  of  significance  that  in  the  colder  waters  at  Crab  Ledge, 
and  beyond  Marthas  Vineyard,  at  a  depth  of  39  fathoms,  active  hydianths  of  this  species 
have  been  dredged  by  us  in  July  and  August.  Certain  others  among  our  local  hydnrids 
are  likewise  known  to  be  dormant,  or  at  least  less  active  during  the  summer  months.  It 
is  quite  conceivable  that  at  somewhat  higher  temperatures  such  species  would  be 
destroyed  altogether. 

We  may  say,  then,  that  while  there  is  some  evidence  for  the  operation  of  the  principle 
of  Merriam,  in  both  of  its  phases,  in  determining  the  distribution  (rf  marine  organisms 
in  local  waters,  it  seems  likely  that  no  dngle  formula  will  suffice  to  explain  all  the  phe- 
nomena involved ; "  and  it  is  certain  that  we  can  form  no  adequate  explanation  of  these 
until  vastly  more  data  are  at  hand.     Both  observation  and  experiment  are  demanded. 

4.  TTffi  D4FLUENCE  OF  DEPTH 

The  great  majority  of  species  which  were  dredged  by  us  in  \^neyard  Sound  and 
Buzzards  Bay  were  found  to  have  a  distribution,  in  local  waters,  which  pldnly  bore  no 
relation  to  depth.  There  are  notable  exceptions  to  this  statement,  however,  some  of 
which  it  is  our  purpose  to  discuss  in  the  present  section. 

Leaving  out  of  account  the  multitude  of  strictly  "littoral"  or  intertidal  forms,  we 
meet  with  a  considerable  number  of  species  which  are  hmited  to  comparatively  shallow 
waters.  An  analysis  or  the  depth  records  for  all  these  species  ^  reveals  the  occurrence 
of  many  which  were  taken  by  us  neaiiy  or  quite  exclusively  in  waters  less  than  10  fathoms 
deep.  Many  of  these  species,  indeed,  occur  wholly  or  predominantly  at  depths  of  less 
than  5  fathoms.  A  oonaderable  number  of  such  instances  have  been  mentioned  in  the 
discussions  for  the  separate  subdivisions  of  the  animal  kingdom.  A  few  of  the  commoner 
species,  among  those  dredged,  which  show  a  distinct  preference  for  the  shallower  waters, 
both  in  the  Bay  and  the  Sound,  are:  Pisfa  paJmata,  P.  intermedia,  Amphiihoe  rttbricata, 
Bitiium  nigrum,  Ceriihiopsis  emersonii,  Crepidula  convexa.  Lacuna  ptUeoia,  Lyonsia 
hyatina,  and  Mya  arenaria.  Now,  an  examination  of  the  distribution  charts  for  these 
species  shows  that  they  were  dredged  chiefly,  if  not  wholly,  near  shore.  Some  of  them, 
at  least,  are  known  to  inhatrit  the  intertidal  zone  as  well.  It  is  a  noteworthy  fact 
fact  that  in  some  cases  these  species  were  dredged  by  the  Fish  Hawk,  as  well  as  by  the 
Phalarope,  but  only  at  such  of  the  Fish  Hawk  stations  as  were  gtuated  in  the  ndghbor- 
bood  of  land.  The  depth  at  these  pcnnts  was  often  considerable,  however  (10  to  15 
fathoms).  Facts  of  this  nature  pmnt  to  the  conclusion  that  proximity  to  shore  rather  than 
depth,  as  such,  may  be  tbe  factor  concerned  in  determining  the  lower  limit  of  distribu- 
tion for  spedes  of  this  sort.  Before  deciding  the  point  definitely,  it  would  be  necessary 
to  determine  whether  these  "  adlittoral ' '  species  occurred  likewise  on  shoals  at  considera- 
ble distances  from  the  land.     Unfortunately,  we  have  no  satisfactory  data  on  this  subject, 

s  spvo«4  is  affected  by  tbr  te 
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since  the  only  shoal  so  situated  (the  Middle  Ground),  lying  within  the  territory  dredged 
by  us,  is  made  up  to  a  conaderable  degree  of  shifting  sand,  ill  adapted  to  the  support  of 
most  animal  life. 

It  may  be  well  at  this  point  to  recall  the  type  of  distribution  displayed  by  many 
spedes  whose  occurrence  is  general  in  Vineyard  Sound,  but  which  in  Buzzards  Bay  are 
limited  to  the  immediate  vidnity  of  shore.  If  we  had  the  data  for  the  Bay  alone  at 
our  disposal,  it  would  be  natural  to  suppose  that  the  species  had  a  definite  bathymetric 
limit.  We  have,  however,  the  best  reasons  for  believing  that  it  is  the  muddy  character 
of  the  bottom,  throughout  the  deeper  parts  of  the  Bay,  which  restricts  the  distribution 
of  such  forms.  1 

Whatever  be  the  causes  which  are  responsible  for  limiting  cert^n  species  to  the 
shallower  waters  skirting  the  shore,  it  is  certainly  desirable  that  we  should  have  a  suitable 
word  by  which  to  dedgnate  both  the  fauna  inhabiting  these  waters  and  the  habitat  which 
they  occupy.  For  this  purpose  we  have  already  employed  at  various  times  the  term 
"adlittoral,"  which,  so  far  as  we  know,  has  not  been  used  by  previous  writers.  Were 
there  any  unanimity,  even  among  zoologists,  in  the  use  of  the  word  "  littoral "  itself  we 
should  have  no  hesitation  in  recommending  this  term  adlittoral.  But  the  former  word 
has  been  applied  with  very  different  degrees  of  inclusiveness,  having  been  restricted  by 
some  to  the  intertidal  zone;  while  by  others  it  has  been  so  extended  as  to  take  in  the 
whole  continental  shelf."  It  is  in  the  more  restricted  sense  that  the  term  has  been 
employed  in  the  present  report.  For  this,  the  word  "tidat"^  would  be  unequivocal 
and,  indeed,  self-explanatory.  But,  unfortunately,  we  could  not  well  speak  of  a  "tidal 
species,"  however  appropriate  the  expression  "tidal  zone"  would  seem.  Again,  this 
word  does  not  lend  itself  readily  to  a  combination  with  Latin  prefixes  such  as  "sub" 
and  "ad." 

Nowtheword  "  sublittoral "  has  likewise  been  used  with  very  varying  induaveness,'' 
from  "just  below  the  shore  line  "  (Standard  Dictionary)  to  a  zone  reaching  to  the  greatest 
depths  at  which  algie  flourish  (Kjellman)."  This  latitude  of  definition  rests  upon  the 
inherent  ambiguity  of  the  word  itself.  For  there  is  nothing  in  its  composition  to  imply 
a  limit  of  depth,  any  more  than  there  is  in  the  words  "submarine"  or  "subterranean." 

It  is  therefore  with  he^tation  that  we  have  chosen  the  term  "adlittoral"  as 
designating  the  zone  of  shallow  water  immediately  adjacent  to  the  shore.  We  have 
not,  it  is  true,  set  any  definite  lower  limit  of  depth  to  this  zone.  That  would  doubtless 
vary  with  different  spedes;  likewise  with  the  abruptness  of  descent  of  the  sea  floor.' 
But  even  in  this  loose  and  inexact  sense  it  is  certainly  a  convenient  tenn  by  which  to 
designate  such  waters  as  those  dredged  by  us  with  the  Phalarope  and  Blue  Wing.  As 
a  useful  alternative  term  "infratidal"  might  be  employed,  though  there  is  no  implication 
in  this  word  of  a  lower  limit  of  depth  any  more  than  in  "subhttoral." 

A  converse  type  of  distribution  to  that  just  discus^d  is  exhibited  by  certain  other 
forms  which  were  dredged  predominantly  at  depths  of  lo  fathoms  or  more.  A  few  of 
the  commoner  of  such  spedes  are:  Tvbttlaria  cotilhouyi,  Sirongylocentrotus  droebacki- 

'  B.  I.,  by  Prtentn  uid  by  Ortnuum.    The  littoral  lonc  of  Bdmnl  Forbo,  on  tb>  othn  huid,  extoidtd  Imn  bUh-mUr 
marfc  to ■  depth d  1  latlunu.    Tosukeconfiulon  woneconloundtd.  wcbsvcthc ''litl(inl''lniiBuulflon<if  land  cocdocy  and 

l>  Tlw  Hibttitmkni  bI  Ihit  tarn  is  lavoRd  by  Dr.  Stcjnctei  in  a  IcttR  to  one  ol  the  authon. 

'  A  dnnlor  letter  at  inquiry  which  we  isit  (o  eliht  Itadlni  Ameiicmn  eadoclsti  imaled  a  mipitilni  lack  si  unanfanity  in 

oical  section  of  this  report  (d.  p.  453,  454)- 
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ensts,  Cavcer  boreaiis,  Ovalipes  ocellatus,  Pagurus  acadianus,  Astarte  castanea,  Aslarte 
undata,  Venericardia  boreaiis,  and  Amaroucium  slellatum.  Now,  a  number  of  the  fore- 
going species,  and  in  general  a  condderable  proportion  of  those  species  which  are 
limited  to  the  deeper  waters,  have  already  been  mentioned  among  the  northern  forms 
whose  distribution  is  determined  locally  by  temperature  conditions.  It  must  be 
repeated,  however  (see  p.  28),  that  the  waters  of  the  western  end  of  Vineyard  Sound 
are  little  if  any  deeper  on  the  average  than  those  in  the  vicinity  of  Nobska  and  West 
Chop.  The  preference  of  these  species  for  deeper  waters  is  shown  by  their  scarcity  in 
the  adUttoi^l  zone.  Certain  of  them,  indeed,  were  dredged  only  by  the  Fish  Hawk. 
It  is  more  than  likely  that  the  somewhat  lower  summer  temperature  of  these  bottom 
waters,  as  compared  with  those  skirting  the  shore,  is  the  factor  responsible  for  the 
restriction  of  some  species  to  the  former.  The  temperature  factor  is  not  the  one  directly 
concerned,  however,  in  the  case  <rf  all  of  the  animals  named.  The  distribution  of 
Ovalipes,  for  example,  is  probably  wholly  determined  by  the  character  of  the  bottom. 
It  is  indeed  known  to  occur  on  sand  flats  in  shallow,  warm  water.  The  case  of  Amar- 
oucium slellatum  is  interesting,  since,  although  a  deep>water  species  in  the  sense  here 
employed,  it  is  for  the  most  part  restricted  to  the  more  easterly  portions  of  the  Sound, 
where  the  bottoms  are  gravelly  or  stony.  Thus  its  preference  for  deeper  waters  does 
not  appear  to  be  related  to  the  temperature  factor,  though  this  is  not  entirely  certain, 
snce  the  deeper  waters  are  everywhere  somewhat  cooler  in  summer  than  are  the  shoaler 
ones.  The  marked  restriction  of  this  species  to  the  former  is  in  striking  contrast  to  the 
condition  shown  by  the  related  Amaroucium  pdlucidum  conslellatum  (=A.  conslellatum 
Verrill),  which,  although  associated  with  A.  slellatum  at  various  points,  is  likewise 
found  in  profusion  in  shallow  waters  and  even  upon  piles. 

The  vertical  distribution  of  marine  organisms  is  commonly  dedgnated  by  the  term 
"  bathy metric,"  and  it  has  been  sometimes  supposed  that  depth  was  one  of  the  primary 
factors  determining  distribution.  There  are,  of  course,  at  least  four  factors  bound  up 
in  this  one,  viz,  pressure,  temperature,  light,  and  gas  content.  Now,  it  is  not  at  all 
certain  to  what  degree,  if  any,  pressure  influences  distribution.  For  the  limited  depths 
within  our  region,  we  may  certainly  leave  it  out  of  account. 

Temperature  is,  as  we  have  seen,  definitely  correlated  with  depth  in  the  sea,  just 
as  it  is  with  altitude  on  land.  But  there  is,  in  local  waters,  little  difference  between 
surface  and  bottom  temperature,  except  in  those  portions  of  the  Sound  and  the  Bay 
which  adjcnn  the  open  ocean.  Some  of  the  cold-water  spedes  inhabiting  these  last 
are,  as  just  stated,  restricted  to  the  greater  depths.  On  the  other  hand,  the  restriction 
of  certain  spedes  (see  above)  to  the  shallow  water  immediately  skirting  the  shore  may 
be  due  in  some  cases  to  the  palpably  higher  temperature  commonly  met  with  at  such 
points  during  the  summer. 

The  relation  of  light  to  depth  has  been  treated  at  some  length  in  the  botanical 
section  of  this  report  (p.  447-44.9),  to  which  the  reader  is  referred.  It  is  likely  that 
for  relatively  slight  depths,  such  as  those  we  are  conadering,  the  light  factor  has  little 
direct  effect  upon  the  bathymetric  distribution  of  animals.  Indirectly  it  may  be  of 
influence  in  the  case  of  certain  forms  which  dwell  upon  algie,  and  it  is  pos^ble  that  some 
of  the  adlittoral  spedes  which  have  been  discussed  above  are  limited  in  this  way. 

It  may  be  repeated  in  condusion,  however,  that,  as  regards  the  species  taken 
during  our  dredging  operations,  the  great  majority  show  little  or  no  evidence  of 
bathymetric  distribution. 
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5.  POSITION  OF  THE  LOCAL  FAUNA  IN  ZOOGEOGRAPHY. 

Certain  questions  will  naturally  present  thetliselves  to  the  student  of  geographical 
distribution :  What  is  the  position  of  the  Woods  Hole  fauna  in  the  fauna  c^  our  American 
coast?  To  which  of  the  larger  zoogeographical  regions  does  it  belong?  And  is  it 
dtuated  in  the  middle  of  that  region  or  close  to  one  of  its  limits?  In  other  words,  do 
the  majority  of  species  have  a  range  which  extends  mainly  to  the  northward  along  this 
coast,  or  do  the  majority  have,  on  the  whole,  a  southward  range;  or  is  there  no  appred- 
ble  preponderance  of  one  sort  over  the  other?  Simple  as  these  questions  may  seem, 
it  is  difficult  to  give  them  an  answer  that  is  at  all  satisfactory.  The  known  range,  as 
distinguished  from  the  actual  range,  of  a  species,  is  very  frequently  determined  by 
historical  accident.  Thus  the  Bay  of  Fundy,  Massachusetts  Bay,  Woods  Hole,  Newport, 
New  Haven,  Charleston,  etc.,  frequently  figure  in  our  literature  as  limits  of  distribution, 
and  this  for  reasons  which  are  obvious  to  anyone  familiar  with  the  history  of  American 
marine  zoology.  Verrill  and  Smith,  in  their  Vineyard  Sound  report,  give  Cape  Cod  as 
the  southern  limit,  or  the  northern  limit,  of  distribution  for  many  species  whose  known 
range  has  since  been  extended  far  beyond  this  point. 

Likewise  the  impossibility  must  be  borne  in  mind  of  forming  a  just  estimate  of  the 
geographical  range  of  a  species  from  any  mere  statement,  however  correct  in  itself,  of 
the  extreme  limits  of  its  distribution.  The  bathymetric  range  and  other  factors  of  its 
habitat  at  various  latidudes  must  be  taken  into  consideration.  It  was  long  ago  pointed 
out  by  Edward  Forbes  (1844,  p.  333)  that  "parallels  in  depth  are  equivalent  to  paral- 
lels in  latitude."  Walther  (1894)  states  that  from  the  surface  down  the  temperature 
declines  about  i"  C.  for  each  i8  meters.  Accordingly,  a  species  which  is  truly  "boreal" 
in  its  general  tendencies,  and  which  occurs  in  abundance  along  the  littoral  zone,  in 
northern  latitudes,  may  none  the  less  be  found  in  the  deeper  colder  waters  of  a  region 
far  to  the  southward.  To  state  such  a  range  merely  in  terms  of  latitude  would  be 
highly  misleading.  Again,  it  is  obvious  that  the  same  importance  must  not  be  attributed 
to  *he  isolated  and  occasional  occurrence  of  a  given  species  as  to  its  occurrence  at  points 
where  it  is  widespread  and  abundant.  But  in  many  of  the  tables  which  are  available 
for  consultation  no  distinction  is  made  between  the  two. 

Furthermore,  the  question  as  to  the  position  of  the  Woods  Hole  fauna,  from  the 
standpoint  of  zoogeography,  can  not  be  answered  until  we  have  made  clear  what  is  to 
be  understood  by  the  "Woods  Hole  fauna."  If  by  this  expresaon  we  are  to  mean  the 
aggregate  number  of  species  which  have  ever  been  taken  within  the  limits  adopted,  the 
question  would  be  a  difficult  one  to  answer,  and  the  answer,  when  given,  would  be  of 
little  value.  Such  an  inclusive  list  (which  would  be  coextensive  with  our  own  annotated 
list  or  catalogue)  would  comprise  not  only  the  truly  indigenous  species,  characteristic 
of  the  region,  but  the  occasional  stragglers  borne  from  southern  waters  by  the  Gulf 
Stream,  and  likewise  those  northern  forms  which  we  have  met  with  only  at  Crab  Ledge 
or  in  the  colder  waters  off  Gay  Head.  These  are  mostly  rare  spedes  locally,  and  are 
in  no  sense  characteristic  of  the  shallower  waters  of  this  section  of  the  New  England 
coast,  yet  the  total  number  of  such  spedes  is  very  considerable.  In  practice,  however, 
it  is  difficult  to  separate  the  truly  indigenous  types  from  those  which  are  to  be  regarded 
as  exotics  or  stragglers.  An  arbitrary  basis  of  selection  must  therefore  be  adopted. 
For  the  purposes  of  the  ensuing  analysis  we  have  included  as  representative  local  spedes 
only  those  which  have  been  taken  at  10  or  more  of  the  dredging  stations.     There  are 
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thus  eliminated  a  larg:e  number  of  forms  which  are  relatively  micommoii  in  these  waters. 
The  remaining  ones,  on  the  other  hand,  being,  for  the  most  part,  of  comparatively 
common  occurrence,  are  just  those  whose  g^ieral  rai^e  of  distribution  is  probably 
known  with  the  greatest  accuracy.  Such  a  list,  of  course,  comprises  only  bottom- 
dwelling  organisms  which  occur  at  depths  sufficiently  great  to  be  taken  by  the  dredge. 
It  consequently  excludes  the  littoral  and  pelagic  life  as  a  whole,  and  ther^ore  does  not 
represent  every  element  of  the  fauna. 

Before  entering  upon  such  an  analysis,  however,  it  may  be  of  interest  to  con^der 
some  of  the  prevalent  opinions  regarding  the  distribution  oi  marine  animals  and  plants 
upon  this  section  of  the  coast. 

It  has  been  pretty  generally  assumed  that  Cape  Cod  forms  a  rather  definite  bound- 
ary between  the  fauna  and  flora  inhabiting  the  regions  above  and  below  it.  This  was 
urged  by  Gould  as  early  as  1840  (see  Gould,  1840,  p.  491),  as  the  result  of  a  study  of 
the  distribution  of  marine  mollusks.  Gould  asserts  that  "many  whole  genera  do  not 
pass  from  one  side  to  the  other  of  this  limit.  Of  the  303  marine  species,  81  do  not  pass 
to  the  south  and  30  have  not  been  found  to  the  north  of  the  Cape,  though  many  of 
them  approach  within  a  very  few  miles  of  each  other."  It  was  the  opinion  of  Dana, 
likewise  (1853,  1853),  that  there  occurred  at  Cape  Cod  "a  remarkable  transition  in 
species,  and  a  natural  boundary  between  the  south  and  the  north."  Dana  recognized 
four  zoogeographical  divisions  of  the  Atlantic  coast  of  North  America,  viz,  the  Acadian 
(first  called  by  him  "Nova  Scotian"),  Virginian,  Carolinian,  and  Floridan.  Cape  Cod, 
be  believed,  served  to  divide  the  Acadian,  lying  to  its  north,  from  the  Virginian  on  the 
south.  Packard  sought  to  distinguish  another  region,  the  "Syrte^an,"  on  the  north  of 
the  Acadian,  between  the  latter  and  the  arctic  or  polar." 

Prom  a  consideration  of  the  actinians  and  echinoderms,  in  particular,  Verrill  (1866) 
was  led  tp  the  belief  "  that  there  are  portions  of  three  distinct  Faunae  to  be  distinguished 
on  the  coast  of  New  England,  viz:  Pirst,  that  known  as  the  Vir^nian  Fauna,  extending 
from  Cape  Hatteras  to  the  southern  side  of  Cape  Cod.  *  *  *  Second,  that  known 
as  the  Acadian  or  Nova  Scotian  Fauna,  which  extends  along  the  shore  from  C^pe  Cod  to 
the  mouth  of  the  St.  Lawrence  River,  and  includes  *  *  *  and  many  d  the  banks 
to  the  southward  of  Cape  Cod,  such  as  Nantucket  Shoals;  and  perhaps  the  extreme  end 
of  Long  Island.  *  *  *  Off  the  coast  of  New  Jersey,  also,  there  are  deep-lying  banks 
or  shoals,  which  may  be  referred  to  this  Fauna,  *  *  *  Third,  a  more  arctic  Fauna 
characterizes  the  eastern  coast  of  Labrador  and  Newfoundland,  and  the  Grand  Banks, 
which  extends  far  southward  along  our  coast  in  deep  water,  influenced  by  the  polar 
current  of  cold  water*  which  skirts  the  northern  part  of  our  coast."  This  is  the  "Syr- 
tesian"  fauna  of  Packard. 

Later  (1871),  referring  especially  to  his  dredging  operations  in  Vineyard  Sound  and 
vicinity,  Venill  writes:  "One  of  the  most  important  of  the  results  d  these  investiga- 
tions *  *  *  is  that  while  the  shores  and  shallow  waters  of  the  bays  and  sounds,  as 
far  as  Cape  Cod,  are  occupied  chiefly  by  southern  forms,  or  the  Virginian  fauna,"  the 
deeper  channels  and  the  central  parts  of  Long  Island  Sound,  as  far  as  Stonington,  Conn., 
are  inhabited  almost  exclusively  by  northern  forms,  or  an  exten^on  of  the  Acadian 
Fauna." 

■  cm.  iSi],  p.  iSi,  liknrisc  rtatgrnza  the  Arctic.  SyiUnui.  Andlui.  Virrinilli.  Mid  Carollniaii  lainui. 

*  ConcBiiiiii  tht  prolMblUty  oI  tbc  eilicaice  of  luirh  ■  cuimt,  kc  Chapter  II  ol  the  present  report. 

'  Feifciiu.  on  the  oUier  hand,  from  a  cnnsideratiou  ol  the  molluiks  ol  Iht  Tkinlty  ol  New  Haven,  wrote  ia  iB6g:  "  Tbe  launa 

of  the  r«2ion  bctocss  about  equally  to  the  Acadian  aod  Virdnian  faiuue. 


.,>G 


oogle 


BIOLOGICAL  SURVBY  OF  WOODS  HOLB  AND  VICINITY.  183 

S.  I.  Smith  (1879),  likewise,  from  a  study  of  certain  groups  of  Crustacea,  was  led  to 
bdieve  that  "  the  fauna  from  Cape  Cod  to  Labrador  is  essentially  a  continuous  one,  or 
at  least  that  there  are  no  changes  in  it  comparable  with  the  differences  between  the 
fauna  south  and  that  north  of  Cape  Cod  Bay." 

By  the  botanists,  also,  an  equally  great  importance  has  been  attributed  to  Cape 
Cod  as  a  division  between  the  floral  regions  distinguished  by  them.  Harvey  (1853) 
recognized  one  region  north  of  Cape  Cod,  "extending  probably  to  Greenland,"  while 
his  second  region  extended  from  Cape  Cod  to  the  southward  as  far  as  Cape  Hatteras. 

Parlow  wrote  in  1882: 

It  will  be  seen  tliat  Cape  Cod  is  the  dividing  line  between  a  marked  northern  and  southern  flora. 
In  fact  the  difFerence  between  the  flone  of  Maasachusetta  Bay  and  Buzzards  Bay,  which  are  only  a 
few  miles  apart,  is  greater  than  the  difference  between  those  of  Massachusetts  Bay  and  the  Bay  of  Fundy 
or  between  those  of  Nantucket  and  Norfolk. 

Somewhat  earlier  (1S73),  in  answer  to  the  question  "whether  northern  species  do 
not  occur  at  exposed  southern  points,  as  Gay  Head  and  Montauk,  and  southern  species 
wander  northward  to  Cape  Ann,"  he  gave  the  answer:  "Most  decidedly,  I  think,  such 
is  not  the  case."  Such  an  extreme  position  as  this  has  not,  however,  been  taken  by 
the  author  of  the  botanical  section  of  the  present  report. 

It  would  be  futik,  on  the  basis  of  our  own  researches  into  the  fatua  of  the  Woods 
Hole  region,  to  enter  into  any  extended  discussion  regarding  the  portion  of  this  region 
upon  the  zoogeographical  map  of  the  world."  As  an  adequate  preliminary  to  such  a 
discussion  one  would  need  to  have  a  more  or  less  intimate  knowledge  of  the  faima  of 
both  shores  of  the  Atlantic  from  the  Arctic  Ocean  to  the  Tropics. 

In  a  table  in  chapter  m  (p.  88,89)  ^^  have  indicated  the  number  of  species,  repre- 
senting each  of  the  chief  subdividons  of  the  animal  kingdom,  which  have  been  recorded 
from  the  Woods  Hole  region  and  from  several  other  localities  where  a  careful  inventory 
of  the  fauna  has  been  made.  The  number  of  species  has  been  stated,  also,  which  are 
known  to  be  common  to  Woods  Hole  and  to  eastern  Canada,  and  the  number  common 
to  Woods  Hole  and  to  Plymouth.  It  will  be  found  that  365(+4.?)  species  are  com- 
mon to  the  Woods  Hole  and  the  Canadian  lists.  This  number  represents  more  than  30 
per  cent  ctf  the  total  number  of  determined  Woods  Hole  species  belonging  to  groups 
which  were  considered  in  making  the  Canadian  list  (i.  e.,  omitting  vertebrates  and 
parasitic  worms).  On  the  other  band,  only  15  per  cent  of  the  determined  Woods 
Hole  spedes  (belonging  to  groups  for  which  a  comparison  is  posdble)  are  common  to 
the  Plymouth  list.  A  critical  comparison  of  American  and  European  spedes,  and 
particulariy  an  exhaustive  search  of  the  synonymy,  would  probably  increase  the  latter 
figiu«  somewhat. 

It  is  much  to  be  regretted  that  no  list  has  been  prepared  with  similar  care  of  the 
fauna  of  some  region  lying  about  as  far  to  the  south  of  Woods  Hole  as  the  Gulf  of 
St.  Lawrence  lies  to  the  north.  It  might  be  confidently  predicted  that  the  percentage 
of  our  local  spedes  which  would  appear  in  such  a  list  would  be  very  greatly  in  excess 
at  the  30  per  cent  which  are  common  to  Canada.  Data  bearing  upon  this  phase  of 
the  subject  will,  however,  be  introduced  presently. 

One  might  perhaps  have  expected  to  find  a  much  larger  proportion  of  our  Woods 
Hole  spedes  in  the  vidnity  of  Plymouth  than  the  15  per  cent  which  have  been  recorded. 
To  what  d^ree  these  differences  in  faima  are  due  to  differences  in  phy^cal  conditions 
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and  to  what  degree  they  are  due  to  geographical  isolation  we  can  not  say.  The  sutface 
temperature  of  the  sea  in  the  neighborhood  of  Plymouth  is  said  to  range  from  about 
44."  F.  (February)  to  about  59°  F.  (August).  (See  Mckson,  1892,  p.  276.)  In  this 
respect  the  conditions  are  far  different  from  those  in  Vineyard  Sound,  in  which  the 
annual  range  of  temperature  is  roughly  from  30°  F.,  or  less,  to  70°.  On  the  other  hand, 
we  know  that  broad  expanses  of  ocean  are  effective  barriers  to  distribution,  even  for 
marine  organisms. 

Although  we  have  not  undertaken  the  ambitious  task  of  making  extended  com- 
parisons between  the  Woods  Hole  fauna  and  the  faunas  of  other  sections  of  the  Atlantic 
coast,  we  have  nevertheless  been  able  to  give  some  answer  to  the  questions:  (i)  Have 
the  majority  of  our  more  representative  species  a  range  which  is  predominantly  north- 
ward or  one  which  is  predominantly  southward  ?  (2)  In  how  large  a  degree  is  Cape 
Cod  a  barrier  to  distribution  ? 

As  stated  above,  we  have  considered  for  thb  purpose  only  those  species  which  have 
been  taken  at  loor  more  of  our  dredging  stations,  and  which,  therefore.may  be  regarded 
as  those  which  are  most  truly  representative  of  our  local  benthos.  Of  such  species  there 
are  202,  excluding  9  species  of  Protozoa.  In  the  various  sections  of  chapter  iv  these 
species  have  been  grouped  according  to  their  range  upon  our  coast,  and  a  synopsis  of 
these  separate  lists  is  presented  in  a  table  herewith.  It  may  be  repeated  that  a  species 
has  been  regarded  as  predominantly  northward-ranging,  whose  range  (in  latitude)  to 
the  northward  on  our  coast  is  at  least  twice  as  great  as  its  range  to  the  southward." 
A  species  has  been  regarded  as  southward-ranging  which  presents  the  converse  type  of 
distribution.  The  column  headed  "Equal"  refers  to  those  species  whose  known  range 
in  one  direction  does  not  greatly  exceed  the  known  range  in  the  other  direction;  while 
the  doubtful  column  indudes  those  concerning  which  our  data  are  insufficient.  In  many 
cases  they  have  been  found  only  in  the  immediate  vicinity  of  Woods  Hole. 
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Of  the  entire  202  species,  loi,  or  exactly  50  per  cent,  are  believed  to  have  a  range 
upon  our  coast  which  is  predominantly  southward;  46  species  (33  per  cent)  have  a 
range  which  is  predominantly  northward;  While  31  of  them  (15  percent)  have  a  range 
of  approximately  equal  extent,  so  far  as  known,  in  tmth  directions.  The  remaining  24 
species  have  been  relegated  to  the  doubtful  column.  The  fact  to  be  emphasized  is  that 
the  ratio  of  southward- ranging  species  (as  thus  defined)  to  northward-ranging  species  is 
greater  than  two  to  one,  while  about  15  per  cent  of  them  do  not  seem  to  be  thus 
restricted  in  latitude." 

Viewing  these  202  species  in  another  way,  it  is  to  be  noted  that  130,  or  about  64  per 
cent  (rf  them,  are  known  to  have  a  range  extending  north  of  Cape  Cod,  leaving  72  of 
them  (36  per  cent)  which,  so  far  as  reported,  have  not  transcended  this  barrier.  Doubt- 
less more  complete  information  will  reduce  the  latter  figure.  As  has  already  been 
pointed  out,  any  locality  where  extensive  collecting  has  been  done  is  sure  to  figure  as  the 
reputed  limit  of  distribution,  whether  northern  or  southern,  for  many  species.  It  is 
significant,  therefore,  that  only  37  of  the  species  under  consideration  (18  per  cent)  have 
not  yet  been  recorded  from  points  south  of  Woods  Hole.^  Comparing  this  figure  with 
the  36  per  cent  which  are  not  known  to  occur  north  of  Cape  Cod,  it  may  be  that  we 
have  some  measure  of  the  real  effectiveness  of  the  last  as  a  barrier  to  distribution. 

Crude,  in  the  extreme,  as  any  such  computations  must  be,  the  conclusions  seem  to  be 
fairly  well  grounded  (i)  that  Cape  Cod  does  have  an  appreciable  influence  as  a  barrier  to 
distribution,  and  (2)  that  the  southern  types  preponderate  considerably  over  the  north- 
em  ones  in  our  Woods  Hole  fauna,  or  at  least  in  that  part  of  it  which  is  accessible  to  the 
dredge.  These  generalizations  may  not  be  true  of  each  individual  group  (e,  g.,  ccel- 
enterates  and  amphipods) ;  and  in  general  it  must  be  remembered  that  a  considerable 
minority  of  northern  forms  are  included  in  our  local  fauna,  while  about  64  per  cent  (A 
our  species  are  known  to  occur  north  of  Cape  Cod.  On  the  other  hand,  it  is  well  to 
state  that  our  local  fish  fauna,  which  is  but  sparingly  represented  in  our  dredging  records, 
and  consequently  plays  little  part  in  the  foregoing  tabulation,  is  overwhelmingly  south- 
em,  75  per  cent  being  southward-ranging  in  the  foregoing  sense  of  the  term,  while  nearly 
50  per  cent  of  the  total  number  of  recorded  species  are  such  as  are  reputed  to  find  in 
Cape  Cod  their  northern  limit  of  distribution.  And,  lastly,  we  must  bear  in  mind  that  we 
are  here  dealing  only  with  the  benthos  of  the  region,  the  plankton,  as  well  as  the  littoral 
fauna,  being  left  out  of  consideration. 

6.  OMtlPARATIVE  DISTRIBUTIONS  OF  CLOaLY  RELATED  SPECIES. 

Turning  to  another  phase  of  our  subject,  it  would  t>e  unreasonable  to  look  to  the 
results  of  such  a  survey  as  the  present  one  for  any  considerable  light  upon  the  origin  of 
species.  Those  who  insist  upon  the  importance  of  isolation  as  a  factor  in  species  differ- 
entiation are  wont  to  maintain  that  different  subspecies  do  not  coincide  in  their  ranges, 
but  that  these  supposedly  incipient  species  are  practically  always  separated  from  one 
another,  geographically  or  otherwise.  After  the  complete  splitting  of  a  species,  i.  e.,  its 
replacement  by  several  specifically  distinct  forms,  these  latter  may  by  migration,  it  is 
said,  come  to  occupy  the  same  territory. 

>>  The  amilu  tnatnunt  by  Hoylc  ol  tbc  d«i>-WBt»  fauna  of  the  Clyde  n-ana  wai  unknown  to  tht  pnwnt  vriten  at  Uw 
Ume  when  the  loidolac  discaisuoD  wu  written.    {SRHayle.  iS»o.  p.  46jet  Kq.). 

' More ttilnly. south ci<  ^^□eva^l StNnd and  ButiardiBav.  BkKkliluiduidliOQcIiland Sound havenot been nganlfdu 
f  arthet  wuth. 
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Jordan,  who  is  one  of  the  foremost  recent  advocates  of  the  theory  of  evolution  by 
isolation,  tells  us  (1905)  that  "it  is  extremely  rare  to  find  two  subspecies  inhabiting  or 
breeding  in  exactly  the  same  region."  Again:  "Given  any  species  in  any  region,  the 
nearest  related  species  is  not  likely  to  be  found  in  the  same  region  nor  in  a  remote  region, 
but  in  a  ne^bboring  district  separated  from  the  first  by  a  barrier  of  some  sort"  (p.  547)- 
This,  he  says,  "may  be  raised  to  the  dignity  of  a  general  law  of  distribution." 

Pew  grsups  of  marine  animals  have  been  worked  as  intensively  as  have  the  birds 
and  fresh-water  fishes  upon  which  Jordan  chiefly  relies  for  evidence  in  favor  of  his 
theory.  It  is  largely  due  to  this  fact,  probably,  that  "subspedes,"  "varieties,"  and 
"geographical  races"  play  a  relatively  minor  part  in  the  taxonomy  of  marine  animals. 
We  thus  have  practically  no  data  at  our  present  disposal  to  test  the  first  of  Jordan's 
assertions  quoted  above.  A  case  which  perhaps  deserves  mention  at  this  point,  though 
its  relevance  may  well  be  questioned,  is  that  of  the  moUusk  Polymces  heros,  and  its 
supposed  variety,  triseriata.  We  must  make  the  reservation  at  once  that  these  are 
regarded  by  some  concho1<^ists,  e.  g.,  Dall,  as  distinct  species,  and  in  fact  we  have  our- 
selves followed  Dall  in  so  listing  them  in  our  catalogue."  A  glance  at  the  charts* 
(187,188)  reveals  the  fact  that  while  the  two  forms  coexist  throughout  much  at 
their  range,  they  nevertheless  do  not  present  the  same  distribution  patterns,  but  appear 
to  show  distinct  preferences  as  to  habitat.  There  is,  however,  no  real  geograpkical 
isolation,  for  the  two  forms  occur  on  closely  adjacent  parts  of  the  sea  floor,  being 
taken  together,  not  infrequently,  in  a  single  dredge  haul.'  Whether  or  not  these  two 
species  (or  varieties?)  cross  freely,  and  with  what  results,  we  have  no  means  of  know- 
ing  at  present. 

It  is  imposdble,  likewise,  for  us  to  state  whether  or  not  the  species  nearest  rdated 
to  any  given  one  among  our  local  fauna  occurs  in  this  region,  ot  in  a  "neighboring 
district."  Such  a  question  could  be  answered  only  after  an  exhaustive  research  into 
the  fauna  of  neighboring  parts  of  our  coast.  We  have  a  condderable  collection  of 
data,  however,  with  which  to  answer  the  kindred  questions:  (i)  To  what  extent  do 
members  of  the  same  genus  tend  to  differ  in  habitat?  and  (3)  Are  different  members 
of  the  same  genus  less  likely  to  be  assodated  together  than  species  not  so  closely 
related? 

As  bearing  upon  the  first  of  these  questions,  the  comparative  distributions  of  dif- 
ferent species  of  the  same  genus  have  been  presented  by  us  in  a  large  number  of  cases. 
The  reader  is  especially  referred  to  the  following  examples : 


Pecten,  a  speciea  (chuta  135, 116}. 
Area,  3  species  (charts  131-133). 
Astarte,  a  species  (charts  138, 139). 
Busycou,  a  species  (  charts  164,  165). 
Crepidula,  3  species  (charts  183-185). 
Polynices,  3  species  (charts  i8fr-i88), 
AmarouciuiD,  3  species'  (durts  195-197). 


t  Only  the  accuimice  ol  UtIiis  iprcimeiu  (de^sutid  by  dirks)  on  be  talun  inta  anoiii*  hoe,  liim  the  dead  ihdli  hc 
ptntMbly  timnpiatal  coDiidenbli  dlstUKO  by  hmnit  mtM. 

<  A]  muili  (ngnphltml  tbdic  that  o(  PnJyiiKii  kroi  li  stBtcd  by  DsQ  *i  exUmUng  fnm  Labndor  to  Vutiiiia:  that  dI 
frinria'a  beini  pmctkully  Identical,  i.  c.  Inm  I.abrador  to  Cape  Hutteiu. 

*  In  QUI  catalogue  m  ban  [cUawed  Dr.  Van  Name  In  aol  tegardina  sac  ti  these  a*  a  distinct  ipccla. 


Budcndrium,  2  apecies  (charts  16,  17). 
Tubtilaria,  a  species  (charts  iS,  19). 
Asterias,  a  species  (charts  48.  49)- 
Nephtbys,  a  species  (charts  57.  58). 
Ampelisca,  a  apecies  (charts  87,  88). 
Pagums,  4  species  (charts  109-111). 
Cancer,  a  species  (charts  115,  116). 
Ammta,  a  species  (charts  193, 134). 
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There  are  several  ways  in  which  two  species  may  differ  in  respect  to  their  dis- 
tribution patterns:  (i)  The  species  may  occur  throughout  practically  the  same  area, 
differing  only  in  their  relative  abundance;  (2)  the  range  of  one  may  be  restricted  to 
a  portion  of  the  area  occupied  by  another;  (3)  they  may  have  distributions  which  are 
in  a  certain  degree  complementary  to  one  another. 

Referring  to  the  genera  named,  it  will  be  found  that  in  few  cases,  if  any,  are  the 
distributions  of  two  members  of  the  same  genus  practically  identical,  both  as  regards 
the  area  inhabited  and  the  frequency  of  occurrence.  In  a  number  of  instances,  how- 
ever, they  differ  only  in  respect  to  frequency. 

The  type  of  difference  most  often  realized  upon  our  charts  is  the  second  among 
those  mentioned  above.  In  such  cases  one  species  may  occur  throughout  only  a  por- 
tion of  the  territory  occupied  by  the  other;  or,  at  least,  it  may  not  be  well  established 
except  in  this  portion. 

The  third  condition — that  of  two  species  of  the  same  genus  having  distribution 
patterns  which  are  complementary  to  one  another — is  realized  in  a  surprisingly  small 
number  of  cases  upon  our  charts.  It  appears  most  clearly  from  a  comparison  of  the 
distributions  of  Pagurus  acadianus  (chart  no)  and  P.  annitlipes  (chart  112).  We 
have  seen  that  these  are  respectively  northward -ranging  and  southward-ranging  spe- 
cies; so  that  the  habitat  selected  by  each  in  local  waters  is  not  improbably  determined 
by  temperature. 

It  is  a  familiar  fact  to  field  naturalists  that  the  various  members  of  the  same  genus 
frequently,  if  not  generally,  occupy  somewhat  different  habitats.  Obvious  instances 
of  this  are  not  uncommon  among  our  local  Uttoral  and  shallow-water  fauna,  as  for 
example  the  three  familiar  species  of  the  genus  LiUorina.  Now,  our  dredging  charts 
are  not  adapted  to  revealing  such  slight  differences  of  habitat  as  may  occur  within 
the  limits  of  a  single  "station."  In  the  charts  for  Crepidvla,  for  example,  there  is 
nothing  to  show  that  C  fornicaia  does  not  coincide  in  its  habitat  as  well  as  its  distri- 
bution, with  C.  plana;  whereas  we  know  that,  in  most  cases,  the  latter  occupies  the 
insde  of  a  hermit-crab  shell,  while  the  former  may  occupy  the  outside  of  the  same 
shell,  or  may  adhere  to  any  sohd  object  whatever.  It  is  probable,  likewise,  that  the 
drifting  of  shells  and  other  lifeless  remains  may  result  in  an  apparent  obliteration 
<A  actual  distinctions  in  the  distribution  of  species.  Finally,  it  seems  needless  to 
remark  that  in  no  single  case  is  the  entire  range  of  a  species  indicated  upon  one  of  our 
charts.  Thus,  even  in  cases  where  two  species  appear  to  coincide  in  their  distribution 
locally,  the  range  of  one  may  extend  into  far  deeper  water,  off  the  coast,  than  that  of- 
the  other.  It  seems  to  us,  therefore,  that  the  differences  in  the  distribution  of  closely 
related  species  have  been  minimized,  rather  than  ex^gerated,  in  our  graphic  represen- 


Whether  or  not  specific  differentiation  preceded  or  followed  these  changes  of  hab- 
itat, or  whether  they  went  on  pari  pasm  with  such  changes,  is  not  even  suggested  by 
any  of  the  facts  which  we  have  encountered.  Who  can  say,  for  example,  whether  the 
tendency  to  restrict  itself  to  muddy  bottoms  preceded  or  followed  the  differentiation 
of  the  amphipod  Ampelisca  macrocephalo  as  a  species  distinct  from  ^.  spinipesf  Never- 
theless, the  bare  fact  that  various  closely  related  species  do  show  decidedly  different 
distribution  patterns  is  one  of  great  interest,  for  it  shows  that  the  slight  morphological 
differences  by  which  the  species  are  distinguished  from  one  another  are  oftentimes 
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correlated,  with  marked  physiological  differences  sufficient  to  adapt  the  two  to  differing 
habitats.  Thus  the  assertion  so  often  made  that  the  slight  structural  differences  by 
which  we  distinguish  one  species  from  another  are  commonly  of  no  conceivable  utihty, 
and  therefore  can  never  have  arisen  through  the  action  of  natural  selection,  loses  much 
of  its  force.  While  it  may  be  true  that  these  slight  structural  differences  in  themselves 
can  play  no  significant  r61e  in  the  life  of  the  organisms  concerned,  it  is  likewise  evident 
that  there  are  certain  correlative  physiological  changes  sufficient  to  adapt  the  organisms 
to  somewhat  different  modes  of  existence.  That  natural  selection  has  been  the  con- 
trolling factor  in  the  origination  and  perpetuation  of  such  specific  differences,  whether 
morpholc^cal  or  physiol<^cal,  is  far  from  certain.  But  that  the  characters  con- 
cerned are  in  most  cases  too  insignificant  to  be  of  selective  value  is  also  far  from  certain. 

Where  we  have  to  do  merely  with  the  adoption  of  a  more  restricted  habitat  by 
one  species  than  by  another,  it  is  quite  pos^ble  that  the  physiological  difference  in 
question  relates  merely  to  general  constitutional  vigor;  i.  e.,  the  less  hardy  species 
nuty  restrict  itself  to  the  more  favorable  portion  of  the  habitat."  Where,  however,  the 
ranges  <^  the  two  spedes  are  more  or  less  complementary  to  one  another,  particularly 
if  they  do  not  coincide  throughout  any  portion  of  their  extent,  such  an  explanation  is 
of  course  out  of  question,  and  we  are  obliged  to  fall  back  upon  the  assumption  that  each 
is  more  or  less  specifically  ad^ted  to  its  respective  habitat. 

In  order  to  throw  light  upon  the  second  of  the  above  questions  (i.  e..  Are  members 
d  the  same  genus  less  likely  to  be  associated  together  than  species  which  are  not  so 
closelyrelated?),we  haveadopteda  method  employed  by  Herdman  (1895).  This  author, 
after  noting  the  relatively  large  number  of  genera  represented  by  the  species  taken 
in  a  angle  dredge  haul,*  writes:  "These  figures  are  particularly  interesting  in  their 
bearing  on  the  Darwinian  principle  that  an  aminal's  most  potent  enemies  are  its  own 
close  allies.  Is  it  then  the  case,  as  the  above  dted  instances  suggest,  that  the  spedes 
of  a  genus  rarely  live  together;  that  if  in  a  haul  you  get  half  a  dozen  spedes  of  lamel- 
libranchs,  amphipods,  or  annelids  they  will  probably  belong  to  as  many  genera,  and 
if  these  genera  contEun  other  British  spedes  these  will  probably  occur  in  some  other 
locality,  perhaps  on  a  different  tx>ttom,  or  at  another  depth?  It  is  obviously  necessary 
to  count  the  total  number  of  genera  and  spedes  of  the  groups  in  the  local  fauna,  as 
known,  and  compare  these  with  the  numbers  obtained  in  particular  hauls."  In  Liver- 
pool Bay,  for  example,  "the  known  number  of  spedes  of  higher  Crustacea  is  90,  and 
these  fall  into  60  genera.  So  the  genera  are  to  the  spedes  as  2  to  3,"  whereas  in  certain 
•  dredging  coUecdons  dted  "the  genera  are  to  the  spedes  on  the  average  about  as  28  to 
31,  or  nearly  7  to  8.  Again,  the  total  number  of  spedes  of  Tunicata  is  46,  and  these 
are  referred  to  20  genera;  while  in  the  case  given  above  *  *  *  the  1 2  spedes  taken 
on  one  spot  represented  10  genera,  or  a  little  over  a  quarter  of  the  spedes  represented 
haU  the  genera.  These,  and  many  other  cases  which  we  might  quote,  seem  to  show 
that  a  disproportionately  large  number  of  genera  is  represented  by  the  assemblage  of 
spedes  at  one  spot,  which  means  that  closely  related  spedes  are,  as  a  rule,  not  found 
together"  (p.  463). 

«  Tbls  niuBtioD  hu  been  nude  to  us  by  Fnf.  Herdman. 

'  TMi  (act  wM  pointed  out  by  Sr  John  Mucny  (Chulleiwer  "Sumnurj'."  p.  i*is).  who.  however,  rcclricti  lu  Biiiiltciitkm 
to  (Test  dcpthi.  conrludlni  "  in  the  decpeit  lone.  theidoK,  the  ipecici  Uaiul  Is  tlic  genen  in  Ibe  ntki  of  s  to  4.  and  in  the 
(hallowot  lone  neuly  u  1  to  i."  • 
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When  subjected  to  statistical  analysis,  our  results  are  in  full  agreement  with  those 
of  Herdman,  though  we  are  not  convinced  of  the  truth  of  his  interpretation. 

As  shown  in  the  table  on  page  77,  the  average  number  of  species  per  dredge  haul, 
as  based  upon  the  458  regular  stations  of  the  Survey,  is  37.0,  while  the  average  number  of 
genera  per  dredge  haul  is  34,3.  Thus  the  average  number  of  species  per  genus  is  approxi- 
mately 1,08,"  or  the  ratio  of  spedes  to  genera  is  about  13  to  12,  This  ratio  we  have 
thought  best  to  compare,  not  with  that  derived  from  a  consideration  of  the  entire  array 
of  species  and  genera  for  the  Woods  Hole  Region,  but  with  that  based  upon  the  total 
number  of  species  and  genera,  so  far  as  encountered  by  us  in  the  dredge.  Among 
these  are  included  510  determined  species,  representing  361  genera.  The  average  num- 
ber of  species  per  genus  is  thus  approximately  1.4.1,  or  the  ratio  of  species  to  genera  is 
as  7  to  5. 

So  far,  then,  we  seem  to  be  in  complete  agreement  with  Herdman.  A  quite  different 
explanation  from  that  given  by  him  has,  however,  suggested  itself.  It  has  occurred  to 
us  that  the  same  relations  would  follow  if  some  of  our  genera  contained  a  considerable 
number  of  uncommon  species.  These  latter  might  not  be  taken  with  sufficient  fre- 
quency to  affect  appredably  the  average  number  of  species  per  dredge  haul,  but  they 
would  greatly  augment  the  number  of  spedes  per  genus  when  the  total  number  of  those 
encountered  were  taken  into  account.  Now,  as  a  matter  of  fact,  many  of  the  genera 
do  contain  a  considerable  number  of  rare  species — spedes  which  were  taken  once  only, 
or  a  very  few  times — in  addition  to  common  ones.  On  the  other  hand,  it  is  true  that 
we  also  meet  with  certain  rare  spedes  which  are  the  only  representatives  in  local  waters 
of  thdr  respective  genera.  Thus  there  would  seem  to  be  nothing  to  show  whether  the 
indusion  of  these  less  common  spedes  would  augment  or  decrease  the  average  number 
of  spedes  per  genus  in  our  fauna. 

One  test  may  be  applied,  however.  We  may  restrict  our  computation  to  the  ct>m- 
moner  spedes,  and  determine  the  ratio  of  species  to  genera  among  these.  For  this  pur- 
pose let  us  employ  those  spedes  which  were  taken  at  10  or  more  of  our  dredging  sta- 
tions. Among  these  we  find  209  spedes*  representing  178  genera.  The  average  number 
of  spedes  per  genus  is  thus  about  1.18,  a  figure  very  much  smaller  than  that  represent- 
ing the  number  o£  spedes  per  genus  in  the  entire  array  of  organisms  dredged  by  us. 
Indeed  it  approaches  more  nearly  the  figure  (1.08)  expres^ng  the  average  ratio  within 
the  limits  of  a  single  dredge  haul.  Thus  the  conclu^on  seems  warranted  that  the 
larger  number  of  spedes  per  genus  found  to  occur  in  the  fauna  at  large,  as  com- 
pared with  the  average  number  for  a  single  dredge  haul,  is  due  largely,  if  not  wholly,  to 
the  inclusion  in  the  former  reckoning  of  the  rarer  members  of  certain  genera. 
Such  spedes  do  not,  on  the  other  hand,  occur  with  suffident  frequency  to  appreciably 
aSect  the  ratio  for  the  average  dredge  haul.  If  this  reasoning  be  correct,  what  seemed 
to  be  a  fascinating  and  dear-cut  demonstration  of  a  significant  prindple  of  distribution 
falls  to  the  ground. 

<>  W«  an  quite  imn  that  the  nUo  iKtmcn  that  zrau  avcniEa  bus  not  cuctly  the  nme  value  ai  tbe  avnaic  ol  the  Kiiuate 
ratka  ior  the  varinu dredge huils.  In  other  nords.  °"'"^"'' -+'"'''' J"-'  has  not  the  itiine  valueaif  !+t+?J  +3,  Where  the  num- 
b«  of  letDu  [a  »  Ereat.  however,  the  ttault*  derived  Imn  the  two  meths 
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7.  CHANGES  IN  THE  COMPOSmON  OF  THE  LOCAL  FAUNA. 

Every  area  of  land  or  sea  doubtless  undergoes  more  or  less  frequent  changes  in  the 
composition  o£  its  fauna  and  flora,  due  to  the  immigration  or  artificial  introduction  of 
exotic  spedes  or  the  extinction  of  indigenous  ones.  For  the  Woods  Hole  region  we 
have  certain  well-known  and  highly  authentic  instances  of  this  phenomenon,  together 
with  some  others  which  seem  probable,  if  only  inferential. 

The  best-known  local  instances  of  the  sort  are  those  of  the  European  periwinkle, 
Liitorina  lilorea,  and  of  the  small  sea  anemone,  Sagariia  lucitB.  Rather  full  accounts  of 
the  history  of  both  of  these  immigrants  are  fortunately  extant.  (See  Verrill,  1880; 
Ganong,  1886;  Verrill,  1898;  Parker,  1903.  These  accounts  are  summarized  in  our  own 
catalogue.)  It  may  be  here  remarked  that  the  periwinkle  reached  Woods  Hole  from 
the  north  about  1876;  while  the  anemone  seems  to  have  come  from  the  south, 
arriving  about  1S98.  Within  about  30  years,  and  perhaps  much  less,  Littorina  litorea 
has  become  the  most  abundant  and  generally  distributed  of  our  littoral  (intertidal) 
moltusks,  while  Sagariia  lucia  in  a  considerably  shorter  time  has  become  by  far  the 
commonest  local  actinian.  It  would  be  interesting  to  know  what  effects,  if  any,  these 
immigrants  have  had  in  limiting  the  abundance  or  restricting  the  distribution  of  species 
already  present.  Unfortunately  few  observations,  if  any,  have  been  made  to  test  this 
point. 

Concerning  cert^n  other  species,  we  have  some  reasons  for  believing  either  that 
they  are,  in  local  waters,  far  more  abundant  now  than  formerly,  or  that  they  have  actu- 
ally migrated  hither  within  recent  years.  The  only  other  alternative  seems  to  be  that 
they  were  overlooked  or  confused  with  quite  distinct  species  by  a  number  of  competent 
naturalists.  For  example,  of  our  four  local  species  of  hermit  crabs,  Pagurus  annulipes 
is  second  in  abundance  only  to  the  ubiquitous  P.  lonqicarpus.  Its  distribution  in  local 
waters  is  almost  universal,  as  will  be  seen  from  a  glance  at  the  distribution  chart  for 
this  spedes.  Yet  this  hermit  crab  was  not  mentioned  by  Verrill  and  Smith  in  1873," 
nor,  so  far  as  we  are  aware,  has  it  been  recorded  for  local  waters  in  any  work  prior  to 
Miss  Rathbun's  catalogue  of  the  Crustacea  of  New  England  (1905I.  We  have,  it  is  true, 
learned  from  Miss  Rathbun  that  spedmens  of  this  crustacean  were  recently  found 
among  the  earlier  material  dredged  by  Verrill  and  Smith.  But  the  fact  that  it  was 
overlooked,  or  at  least  not  mentioned  by  these  writers,  raises  strong  doubts  as  to  whether 
it  occurred  then  in  its  present  abundance. 

Another  problematic  case  is  that  of  one  of  the  shore  bamades,  CkOtamalus  sieUatus,'' 
which  at  present  is  extremely  abimdant  upon  stones  and  boulders  between  tides  every- 
where. This  wdl-known  European  spedes  is,  in  our  waters,  at  least,  quite  distinct 
in  appearance  from  the  other  common  shore  barnacle  {Balanus  balanoides).  Yet  it 
has  not  been  mentioned  in  any  catalogue  of  New  England  fauna,  although  several  far 
less  common  drripedes  have  been  listed.  It  is  hard  to  believe  that  this  spedes  has 
been  habitually  confused  with  Balanus  balanoides  by  the  long  succession  of  field  natu- 
ralists and  systematic  zoologists  who  have  exploited  the  shores  of  New  England  for 

•  AIIdwukc  must  be  nude  (or  the  fact  that,  in  the  word*  of  ooe  lunlUir  whh  the  draunitaaca.  "the  Vineywd  Soand  leport 
^vtt  Dfvparcd  when  the  ^ah  ConuniukHi  bid  ipcnt  but  one  tuminer  it  Woodi  HdIc»  and  was  nuhed  tbiuush  apeditknuly  lor 
Imerticm  in  the  Fiih  Caminlslini  Revort  lot  iBii-}i.  It  did  not  llit  eraythlna  thaxludbctii  dlscovend,  but  omhtcd  mutli 
that  had  not  been  suSdently  studied." 
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over  a  century."  These  men  erred  rather  in  the  direction  of  discoveriag  too  many  new 
spedes  than  in  ignoring  well-established  ones. 

The  medusa,  Goni&nemus  mwbachii,  does  not  seem  to  have  been  observed  until 
1894,  when  according  to  Perkins  (1902)  it  "made  an  astonishingly  sudden  appearance 
upon  the  scene."  Yet  at  present  this  relatively  conspicuous  and  readily  rect^^izable 
medusa  is  one  of  the  most  familiar  objects  of  research  in  the  Woods  Hole  laboratories. 
Its  distribution,  locally,  appears  to  be  rather  restricted,  however,  most  of  the  collecting 
for  this  species  being  carried  on  in  one  small  salt-water  pond. 

The  large  noncolonial  hydroid,  Tvbvlaria  couthouyi,  whose  conspicuous  yellow 
perisarcs  are  dredged  with  considerable  frequency  in  Vineyard  Sound,  was  likewise 
not  referred  to  in  the  report  of  Verrill  and  Smith,  although  this  latter  listed  a  number 
of  other  hydroids  which  have  not  been  noted  by  any  subsequent  observers.  And  it  is 
likewise  somewhat  astonishing  that  neither  of  our  local  species  d  Aremcola  was  men- 
tioned in  the  Vineyard  Sound  report,  although  one,  at  least,  of  these  inmiense  annelids 
is  now  common  at  points  in  the  vicinity  of  Woods  Hole. 

We  can  not  attribute  so  much  importance  to  the  failure  of  previous  writers  to 
record  the  gastropod  Lacuna  pwieola,  ^ce  this  species,  although  very  abundant,  is  like- 
wise  very  small.  The  same  may  be  said  of  a  considerable  number  of  other  spedes 
which  are  comprised  in  our  list  but  were  not  recorded  by  various  previous  observers. 
Inconspicuous  or  uncommon  species  may  readily  be  overlooked,  even  by  competent 
collectors.  Such  an  oversight  seems  unlikely,  however,  in  the  case  of  the  other  examples 
dted  above. 

Just  the  opposite  state  of  affairs  is  to  be  noted  in  the  case  of  certmn  species  which 
were  recorded  by  Verrill  as  common  in  local  waters,  but  which  the  present  writers 
have  seldom  or  never  met  with.  As  a  striking  instance  of  this  is  to  be  mentioned  the 
anemone  Edwardsta  lineata  Verrill,  concerning  which  the  last-named  zoologist  makes 
the  following  entry  (p.  739):  "Vineyard  Sound  and  off  Gay  Head,  6  to  12  fathoms, 
among  asddians,  annelid  tubes,  etc.,  abundant."  A  search  in  just  such  situations, 
both  by  Prof.  Hargitt  and  by  ourselves,  has  failed  to  disclose  a  single  specimen.  The 
size,  as  stated  by  Verrill  {25-35  n"D.  long),  makes  it  unlikely  that  the  species  has  been 
persistently  overlooked  by  us. 

The  barnacle  Balanus  crenatus  was  recorded  by  Verrill  and  Smith  as  "dredged 
abundantly  in  Vineyard  Sound."  While  we  have  found  it  to  be  common  upon  piles 
at  Vineyard  Haven,  we  have  never,  with  a  few  possible  exceptions,  encountered  this 
species  with  the  dredge,  either  in  Vineyard  Sound  or  Buzzards  Bay.  This  is  true 
despite  the  fact  that  practically  all  of  the  barnacles  dredged  by  us  were  saved  for 
subsequent  inspection. 

The  crabs  Ltbinia  dubia  and  Panopeus  \Eurypanopeus\  depressus  are  of  far  less 
general  occurrence  in  these  waters  than  the  statements  of  Verrill  and  Smith  seem  to 
imply.  Although  we  have  encountered  both  of  these  species  in  the  shallow  waters 
near  shore,  we  have  not  a  single  authentic  record  of  either  spedes  having  been  taken 
in  the  dredge  during  the  course  of  our  operations. 

While  it  is  not  likely  that  all  of  these  discrepandes  between  earlier  and  later  state- 
ments can  be  attributed  to  actual  changes  in  the  occurrence  of  Spedes,  it  is  probable 
that  some  of  them  are  due  to  such  changes. 

■  IthuJiHtbcmlcuiKdfnimFnil.  M.  A.  BigdimUutbciiotal  tbcoccdiToKCiif  thiibanucleat  WoodsHoleiTi  iSgg. 
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8.  CONO-USEON. 

To  the  reader  who  would  demand  an  exact  economic  equivalent  for  the  labor  and 
money  here  expended,  our  answer  must  be  a  very  general  one.  Science  and  industry 
move  together.  Industry  is  helpless  without  the  aid  of  science,  and  the  greatest  indus- 
trial progress  is  at  present  being  made  by  those  countries  which  realize  this  fact  most 
fully.  But  science  can  never  prosper  if  forced  to  play  the  rfile  of  a  servant.  She  must 
be  free  to  pursue  her  own  ends  without  being  halted  at  every  step  by  the  challenge: 
Cm  bonot  The  attempt  to  restrict  our  scientific  experts  to  problems  of  obvious  eco- 
nomic importance  would  be  equivalent  to  depriving  ourselves  of  their  services  altogether. 
It  is  to-(fey  accepted  as  a  commonplace  that  all  the  great  discoveries  of  a  practical 
nature  have  rested  ultimately  upon  principles  first  brought  to  light  by  the  seeker  after 
truth.  The  enlightened  manufacturer  of  Germany  looks  upon  a  well-paid  sdentific 
investigator  as  a  good  invesment.  As  a  result  of  this  policy  the  rest  of  the  world  is 
looking  on  uneasily,  while  its  own  industries  pass  into  the  hands  of  this  farsighted 
competitor.  Great  Britain  and  the  Scandinavian  countries,  the  great  fishing  nations 
of  Europe,  have  long  been  leaders  in  the  scientific  investigation  of  the  sea.  And  in 
recent  years  we  have  witnessed  the  formation  of  an  international  council,  representing 
all  of  those  nations  having  an  immediate  interest  in  the  fisheries  of  the  North  Sea,  and 
organized  for  the  study  of  hydrographic  and  biological  problems  as  well  as  of  purely 
economic  ones.  To  Americans  there  should  be  no  novelty  in  all  this.  Let  us  keep  in 
mind  the  oft-quoted  words  of  the  distinguished  founder  of  our  Fish  Commission  in 
outlining  the  policy  adopted  by  him ; 

As  the  history  of  the  fishes  themselves  would  not  be  complete  without  a  thorough  knowledge  of 
their  associates  in  the  sea,  especially  such  as  prey  upon  them  6r  in  turn  constitute  their  food,  it  was 
considered  necessary  to  prosecute  searching  inquiries  on  these  points,  especiHlly  as  one  supposed  cause 
of  the  diminution  of  tKe  fishes  was  the  alleged  decrease  or  displacement  of  the  objects  upon  which  they 

Fiuthennore,  it  was  thought  likely  that  peculiarities  in  the  temperature  of  the  water  at  diEFerent 
depths,  its  chemical  constitutbn,  the  percentage  of  carbonic-acid  gas  and  of  ordinary  air,  its  currents, 
etc.,  might  all  bear  an  important  part  in  the  general  sum  of  influences  upon  the  fisheries;  and  the 
inquiry,  therefore,  ultimately  resolved  itself  into  an  investigation  of  the  chemical  and  physical  char- 
acter of  the  water,  and  of  the  natural  history  of  its  inhabitants,  whether  animal  or  vegetable.  It  was 
considered  expedient  to  omit  nothing,  however  trivial  or  obscure,  that  might  tend  to  throw  light  upon 
the  subject  of  inquiry,  especially  as  without  such  exhaustive  investigation  it  would  be  imposnbie  to 
determine  what  were  the  agencies  which  exercised  the  predominant  influences  upon  the  economy  of 
the  fisheries. 

So  that  if  we  can  not,  from  our  present  labors,  offer  any  suggestions  of  direct  value 
to  the  practical  fisherman,  we  trust  that  we  have  at  least  added  to  the  intelligent  under- 
standing of  the  marine  life  of  our  coast.  And  we  likewise  trust  that  the  ultimate  benefit 
to  the  practical  fisherman  will  be  as  great  as  that  to  the  man  of  s 
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DESCRIPTION  OF  DREDGING  STATIONS  OCCUHED  DURING  PRESENT 

SURVEY. 


nSH    HA 

SUUenna. 

7511.  July  98,  1903.    Nobska  Light,  NE,  %  mile;  10  fathoms;    coarse  sand;    34-iiK^  lake  dredge. 

(Dredge  frame  broken  during  haul.) 
7513.  July  38,  1903.    Nobska  Light,  N  X  W,  1  mile;  10  fathoms;  stony;  14-inch  lake  di«dge. 
7533.  July  aS,  1903.    Nobska  Light,  NW  by  NK  N,  ifi  miles;  13  fathoms;  stony;  a4-inch  rake  dredge. 

(Dredge  net  torn  during  haul.) 
7524.  July  a8,  1903,    Nobska  Light,  NNW  yi  W,  3^  miles;  10  fathoms;  stony;  7-faot  beam  trawl. 
7515.  July  38,  1903.    Nobska  Light,  NNW  ^  IV,  if^  miles;  7  fathoms;  sandy;  7-foot  beam  trawl. 

7536.  July  38,  1903.     Nobska  Light,  N  ^  W,  i)4  miles;  7}^  fathoms;  sandy;  7-foot  beam  trawl. 

7537.  July  31,  1903.     West  Chop  SE  by  E,  Taipaulin  CoveWbySJ^S;  9  fathoms;  sand;  a4-inchrake 

7538.  July  31,  1903.    West  Chop  SE  by  E  K  E,  Nobeka  NE  X  N;  13  fathoms;  sandy;  34-inch  rake 

7529.  July  31, 1903.    West  Chop  ESE,  Nobska  NNE;  13  fathoms;  sand  and  gravel;  34-inch  rake  dredge. 

7530.  July  31,  1903.     Nobska  N  >i  E,  West  Chop  E  by  S  K  S;  I3  fathoms;  stony;  7-foot  beam  trawl. 
TJ31.  July  31,  1903.    Tarpaulin  Cove  W  ^  N,  Nobeka  NE  by  H  J^  N;  hyi  fathoms;  aandy;  34'.inch 

rake  dredge. 
7533.  August  3,  1903.     West  Chop  ESE,  Tarpaulin  Cove  W  by  S  J^  S;  10  fathoms;  sand  and  stones 
34-inch  rake  dredge. 

7533.  August  3,  1903.    West  Chop  E  by  S  >^  S,  Tarpaulin  Cove  W  by  S;  10  fathiHus;  sandy;  34-inch 

rake  dredge. 

7534.  August  3,  1903.    West  Chop  E  by  S,  Nobska  Point  NE,  Tarpaulin  Cove  W  X  S;  loX  fathoms; 

stony;  z4-inch  rake  dredge. 
7535-  Attgust  3,  1903.    Nobska  Point  N  by  E  |<  E,  Tarpaulin  Cove  W  by  N;  to  fathoms;  gravel  and 
sand;  24-inch  rake  dredge  (3  hauls). 

7536.  August  3,  1903.    Nobska  Point  N  by  E  >>  E,  Tarpaulin  Cove  Wby  N  |^  N;  5;^ fathoms;  sandy; 

34- inch  rake  dredge. 

7537.  August  7,  1903.    TarpaulinCove  Wby  S^S,  West  ChopEbyS>f  S;  15  fathoms;  coofaegrave]; 

34-inch  dredge  (3  hauls). 

7538.  August  7,  1903.    Tarpaulin  Cove  W  >^  S,  WeatOk^  E  J<  S;  10  fathoms;  stony;  oyster  dredge. 
7S3Q.  August  7,  1903.     Tarpaulin  Cove  W  >^  N,  Nobdca  NE;  13  fatbotns;  stony;  oystjer  dredge. 

7540.  August  7,  1903.    Nobska  NE  K  N,  Tarpaulin  Cove  W  by  N  >^  N;  5  fathoms;  sand  and  shells; 

oyster  dredge  and  beam  trawl. 

7541.  August  7,  1903.    Nobska  NE  by  N  >f  N,  Tarpaulin  Cove  WNW;  13  fathoms;  sand  and  gravel; 

oyster  dredge, 
7541.  August  7,  1903.    Nobska  NE  by  N  K  N,  Tarpaulin  Cove  NW  by  W  K  W;  7  fathoms;  sandy; 
beam  trawl. 

7543.  August  It,  1903.    Gay  Head  SW  yi  S,  Nobska  E  by  N  Ji'  N;  ti  fathoms;  coarse  gravel;  oyster 

7544.  August  It,  1903.    Tarpaulin  Cove  W  %  N,  Nobska  NE  by  E  ^  E;  \ti%  fathoms;  ooaise  gravel; 

oyster  dredge. 

7545.  August  II,  1903.    Tarpaulin  Cove  WNW,  Nobska  NE  li  E;  io>j'  fathoms;  stones  and  come 

gravel;  oyster  dredge. 

7546.  August  It,  1903.    Tarpaulin  Cove  NW  by  W  X  W,  Nobska  NE  ;^  N;  5  fathoms;  sand  and  straies; 

7-foot  beam  trawl  and  94-inch  dredge. 
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7547.  August  II,  1903.    Nobska  NE  by  N,  Tarpaulin  Cove  NW  KW;  i)  fathoms;  stony;  oyster  dredge. 

7548.  August  II.  1903.    Tarpaulin  Cove  NW  yi  W,  Nobska  NE  by  N;  6  fathoms;  stony;  7-foat  beam 

7549-  August  la,   1903.     Tarpaulin  Cove  NW,  Nobska  ENE;  11  fathoms;  stony;  oyster  dredge. 

7550.  August  II,  1903.    Nobska  NE  by  E  >^  E.  Tarpaulin  Cove  NW  >i  N;  11  fathoms;  stony;  7-toot 

beam  trawl. 

7551.  August  II,  1903.     Nobaka  NE  i4  E,  Tarpaulin  Cove  NW  ^  N;  9  fathoms;  sand;  7-foot  beam 

trawl  and  14-incb  dredge. 
755a.  August  19,  190J.    Nobska  NE  54*  N,  Tarpaulin  Cove  NW  by  N;  13  fathoms;  sand  and  shells; 
oyster  dredge. 

7553.  August  II,  1903.    Nobska  NE  K  N>  Tarpaulin  Cove  NW  by  N;  7X  fathoms;  sand  and  shells; 

7 -foot  beam  trawl. 

7554.  August  15,  1903.     Nobska  ENE,  Gay  Head  SW  X  S;  7K  fattu)nis;  muddy;  7-foot  beam  trawl, 

oyster  dredge,  34-incb  dredge. 
7555-  At^ust  15,  t903.    Tarpaulin  Cove  N  by  E  ^  E,  Nobska  NE  by  E  X  B;  ii  fathoms;  sandy; 
7-foat  beam  trawl. 

7556.  Ai^sust  15.  1903.     Nobaka  NB  J^  E,  Tarpaulin  COvc  N;  gj^  fathoms;  sandy;  7-(bot  beam  trawl, 

7557.  August  18,  1903.     Tarpaulin  Cove  N  by  W,  Gay  Head  SW  J<  W:  3>i  to  loji  fathoms:  sandy; 

7 -foot  beam  trawl. 

7558.  August  18,  1903.    Gay  Head  SW  by  W  K  W,  Tarpaulin  Cove  N  by  W  ^i*  W;  17K  fathoms;  sand 

and  shells;  7-foat  beam  trawl. 

7559.  August  18,  1903.     Tarpaulin  Cove  N  by  W  ><  W,  Gay  Head  WSW;  s^i  fathoms;  sandy;  7-foot 

beam  trawl.    (Very  little  material  obtained.) 

7560.  August  iS,  1903.    Gay  Head  WSW,  Tarpaulin  Cove  N  J^*  W;  7  fathoms;  sand  and  pebbles;  beam 

trawl,  and  oyster  dredge. , 

7561.  August  18,  1903.     Gay  Head  SW  by  W  ■<  W,  Tarpaulin  Cove  N  H  E;  ii'/i  fathoms;  sand  and 

stones;  7-foot  beam  trawl. 
756*.  August  t8,  1903.    Gay  Head  SW  yi  W,  Tarpaulin  Cove  N  J<  E:  5K  fathoms;  sandy;  7-toot 
beam  trawl  and  34-inch  dredge. 

7563.  August  18,  1903.    Gay  Head  SW,  West  Chop  B  by  N;  8  fathoms;  gravel;  7-foot  beam  trawl. 

7564.  August  18,  1903.     Gay  Head  SW  K  S,  West  Chop  E  K  N;  13  fathoms;  sand;  7-foot  beam  trawl. 

7565.  August  18,  1903.     Gay  Head  SW  by  S  |^  S.  West  Chop  E  ^  N;  i;  fathoms;  sandy;  7-foot  beam 

trawl  and  34-inch  drei^. 

7566.  August  31,  1903.    Gay  Head  SSW,  tangent  Nausbon  E  by  N  ^  N;  "j^i  fathoms;  sandy;  oyster 

dredge.    (Scanty  haul.) 

7567.  August  31,  1903.     Tarpaulin  Cove  NE  K  E,  Gay  Head  SW  by  S  J<  S;  is  fathoms;  sandy;  7-foot 

beam  trawl  and  34-inch  dredge.     (Scanty  haul.) 

7568.  August  II.  1903.    Tarpaulin  Cove  NE  by  N,  Cedar  Tree  Neck  E;  7Ji  fathoms;  sandy;  7-foot 

beam  trawl  and  34-inch  dredge.    {Scanty  haul.) 

7569.  August  31.  1903.     Tarpaulin  Cove  NE  by  N  K  N,  Gay  Head  SW;  7  fathoms;  sandy;  7-foot  beam 

trawl  and  34-inch  dredge.     (Scanty  haul.) 

7570.  August  31,  1903.    Gay  Head  SW  ^  W,  Tarpaulin  Cove  N  by  B  X  E;  13  fathoms;  sandy;  7-foot 

beam  trawl  and  34-inch  dredge.    (Scanty  haul.) 

7571.  August  aj,  1903.     Tarpaulin  Cove  N  by  E,  Gay  Head  SW  by  W  >^  W;  t»  fathoms;  muddy;  7-foot 

beam  trawl  and  14-inch  dredge. 
7573.  August  31,  1903.    Tarpaulin  Cove  N  >£  E,  Gay  Head  W  by  S  ^  S;  10  fathoms;  sandy  and  stony; 
7-foot  beam  trawl  and  14-inch  dredge. 

7573.  August  34,  1903.    Gay  Head  S  by  W,  Buoy  No.  i.  Quicks  Hole,  in  line  with  Dumpling  Light;  8 

fathoms;  muddy;  oyster  dredge. 

7574.  August  34,  1903.     Gay  Head  S  by  W  •■^  W,  Nobska  ENE;  10  fathoms;  sandy;  7-foot  beam  trawl 

and  14- inch  dredge. 

7575.  August  14, 1903.    Gay  HeadSWbyS  KS,  Nobska  NE  by  J<  B;  ii^i  tatbotas;  sandy;  7-foot  beam 

trawl  and  34-inch  dredge. 

7576.  August  34,  1903-     Gay  Head  SW  >i  S,  Cuttyhunk  Life  Saving  Station  W  by  N  K  N;  g'-i  tatlioms 

smd  and  fine  gravel;  7-foot  beam  trawl  and  14-inch  dredge. 
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7577.  Augustn,  1903.     Cuttyhunk  Life  Saving  Station  NW  fay  W  J<W.  Gay  Head  SWJ<S;  Sfathoms; 

fine  gravel  and  broken  shells;  ;-foot  beam  trawl  and  a4-incli  dredge. 

7578.  August  14,  1903,     Gay  Head  SW  by  W,  Cuttyhunk  Life  Saving  station  NW  by  W  ^  W;  14  fathoms, 

sand  and  mud;  7-foot  beam  trawl  and  34-inch  dredge. 

7579.  August  34,  1903.     Gay  Head  WSW,  Tarpaulin  Cove  N  by  E  K  E;  io>i  fathoms;  sandy;  7-f6ot 

beam  trawl,  34-inch  dredge. 

7580.  August  34,  1903.     Gay  Head  W  J<  S,  Tarpaulin  Cove  N  by  E;  gH  fathoms;  sandy;  7-foot  beam 

trawl,  34-inch  dredge. 
758:.  August  17,  1903.     Gay  Head  S  ^i  W,  Cuttyhunk  Life  Saving  Station  NW  by  N  J<N;  6J<  fathoms; 
black  mud  and  shells;  7-foot  beam  trawl  and  34-inch  dredge. 

7581.  August  37,  1903.     Gay  Head  S  by  E,  Black  Buoy  on  Devils  Bridge  SW;  nH  fathoms;  mud  and  ' 

shells;  7-foot  beam  trawl  and  j4-inch  dredge. 

7583.  August  17,  1903.     Cuttyhunk  Light  NW  |^  W,  Black  Buoy  S  >f  W;  13  fathoms;  sand  and  shells; 

7-fQot  beam  and  trawl  and  24-inch  dredge. 

7584.  August  37,  1903.     Gay  Head  SSE,  Cuttyhunk  Light  NW  by  W;  14K  fathoms;  sandy;  7-foot  beam 

ttawl  and  34-ijich  dredge. 

7585.  August  aS,  1903.     Gay  Head  SE  by  S  X  S,  tangent  Cuttyhunk  Island  WNW;  15  fathoms;  sandy; 

7-foot  beam  trawl  and  34-inch  dredge, 

7586.  August  38,  1903.     Gay  Head  SSE  ',i  E,  tangent  Cuttyhunk  Island  W  by  N  K  N;  13  fathoms;  sand 

and  mud;  7-foot  beam  trawl  and  34-inch  dredge. 

7587.  August  »8,  1903.     Gay  Head  SE  by  SJ<S,  tangent  Cuttyhunk  Island  W>i  N;  10 fathoms;  coarse 

gravel;  oyster  dredge. 

7588.  August  38,  1903.     Gay  Head  S  by  E  X  E,  tangent  Cuttyhunk  Island  V/  ^  N;  10  fathoms,  sand; 

-  oyster  dredge. 

7589.  August  »8,  1903.     Gay  Head  S  ^  E,  tangent  Cuttyhunk  Island  W  by  N;  13  fathoms;  sandy;  7-foot 

beam  trawl  and  34-inch  dredge. 

7590.  At^fust  »8,  1903.    Gay  Head  S  >^  E,  Nobaka  NE  by  E  J<  E;  i4j<  fathoms;  sandy;  7-foot  beam 

trawl  and  34-inch  dredge. 

7591.  August  zS,  1903.    Gay  Head  S  >i  W,  taI^ent  Cuttyhunk  Island  WNW;  14  fathoms;  sand;  7-fi30t 

beam  trawl  and  34-inch  dredge. 
7S93.  Augustas,  1903.     Gay  HeadSbyWJ<W,  tangent  Cuttyhunk  IslandNW  by  WK  W;  i6fathoms; 
broken  shells;  7-faot  beam  trawl  anda4-inch  dredge. 

7593.  August  38,  1903.     Gay  Head  SW,  tangent  Cuttyhunk  NW  by  W;  13  fathoms;  sandy;  7-foot  beam 

trawl  and  a4-inch  dredge. 

7594.  August  sS,  1903.     Gay  Head  SW  by  W  K  W,  Nobska  NE  'A  E;  lo  fathoms;  sandy;  ;-foot  beam 

trawl  and  a4-inch  dredge. 

7595.  September  i,  1903.     Gay  Head  S  yi  V/,  bell  buoy  E  by  N;  7  fathoms;  stones  and  gravel;  oyster 

7596.  September  1,  1903.    Gay  Head  S  J<  W,  Nobska  NE  by  E  K  E;  7  fathoms;  hard  sand  and  rock; 

7-foot  beam  trawl,  14-inch  dredge,  and  oyster  dredge. 
7597-  September  i,  1903.    Nobska  NE  by  E  X  E,  Gay  Head  SW  by  S  X  S;  la  fathoms;  sandy;  7-Ioot 
beam  trawl  and  a4-inch  dredge. 

7598.  September  i,  1903.     Nobska  NE  by  E  K  E.  Gay  Head  SW  by  S  >4  S;  13  fathoms;  sandy;  7-foot 

beam  trawl,  oyster  dredge. 

7599.  September  1,  1903.     Gay  Head  SW  '/i  S,  Cuttyhunk  Life  Saving  Station  NW  K  W,  iiK  fath- 

oms; black  mud;  7-foot  beam  trawl, 

7600.  September  1,  1903.    Gay  Head  SW  by  W  ><  W,  Tarpaulin  Cove  NE  by  N  |i  N;  to  fathoms;  hard 

sand;  7-foot  beam  trawl. 

7601.  September  i,  1903.       Gay  Head  W  by  S  .J<  S,  Nobska  NE;  10  fathoms;  muddy  sand;  oyster 

7603.  September  i,  1903.    Gay  Head  W,  Nobska  NE  }4  ^'.  7  fathoms;  muddy  sand;  7-foot  beam  trawl 

and  a4-inch  dredge. 
7603.  September  3,  1903.     Chatham  Ijghl  WNW,  7  miles  17?  fathoms;  stones  and  pebbles;  7-foot  beam 

trawl  and  small  scrape  dredge;  drift  S  yi  mile. 
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7604.  September  1,  1903.     Giatliam  Light  Wby  N  H  N.  distance  7  miles;  19  fathoms;  sand  and  gravel, 

oyster  dred^;  drift  W  >i  mile. 

7605.  September  a,  1903.    Chatham  Light  W  by  N  ^  N,  distance  7  miles;  17  (atboms;  pebbles  and 

gravel:oy3terdredge:  drift  SB  }^  mile. 

7606.  September  a,  i^c^.     Chatham  Light  W  by  N  >{  N;  7  miles;  16  fathoms;  lat;gc  stones  and  gravel; 

oyster  dredge;  drift  SS  H  mile. 

7607.  September  3,  igoj.    Chatham  Light  NW  by  W  >^  W,  7  miles;  16K  fathoms;  la^e  stones  and 

gravel;  oyster  drec^e;  drift  WSW>S  mile. 

7608.  September  3,  1903.     Chatham  Light  WNW,  7^  miles;  19^ fathoms;  sand  and  gravel;  7-foot  beam 

trawl  and  small  scrape  dredge  (3  separate  hauls  were  made);  drift  SSW  yi  mile. 
-  7609.  September  3,  1903.     Chatham  Light  W  >^  N,  7^  miles;  25  fathoms;  ^clls  and  pebbles;  oyster 
dredge;  drift  SE  X  °i>I^- 

7610.  July  12,  1904.     South  end  Big  Weepecket  W  by  S  K  S,  3  miles;  Nobaka  Light  SE  by  E  K  H,  i>s 

miles;  4^^  fathoms;  sandy;  7-faot  beam  trawl;  scrape  dredge;  drift  SE  ^  mile. 

7611.  July  13,  1904.    Nobska  Light  SE  yi  E,  3}^  miles;  j  small  Weepecket  Islands  in  line,  z}4  miles; 

7^fattaonis;  black  mud;  7-root  beam  trawl,  scrape  dredge;  drift  E  ^  mile. 
7611.  July  93,  1904.     Bird  Island  Light  NNE,  6K  miles;  Fairhaveii  standpipe  NW  X  ^-  iH  miles;  -jyi 
fathoms;  blacksandymud;  7-foot  beam  trawl;  scrape  dredge;  drift  ENE>^  mile. 

7613.  July  31, 1904.    Bird  Island  Light  NE  K  N,  6  miles;  Fair  Haven  standpipe  NW  yi  N,  6yi  miles; 

7  fathoms;  black  sandy  mud;  7-foot  beam  trawl;  scrape  dredge;  drift  ENE  yi  mile. 

7614.  July  33,  1904.     Fairhaven  standpipe  NW,  5  miles;  Angelica  and  Cormcirant  Point  beacon  in  line, 

yi  mile;  5  fathoms;  black  muddy  sand;  7-foot  beam  trawl,  scrape  dredge;  drift  E  yi  mile. 

7615.  July  33,  1904.     Bird  Island  Light  NE  by  E  K  H,  lyi  miles;  Fair  Haven  standpipe  NW><  W.jX 

miles;  3^^  fathoms;  black  muddy  sand;  7-foot  beam  trawl,  scrape  dredge;  drift  E  yi  mile. 

7616.  Julyaj,t904.     North  Weepecket  Island  W  by  S  J<  S,^^  miles;  end  of  Quamquisset  Point  S  by  E 

yi  E,  yi  mite;  5!^ fathoms;  muddy  sand;  oyster  dredge;  drift  E  -ff  mile. 

7617.  July  as,  1904-     Wings  Neck- Light  NNE  yi  E,  j  miles;  Matupoisett  Light  NW  by  W,  6K  miles; 

7>i fathoms;  black  mud;  7-foat  beam  trawl;  drift  ENE  X  mile. 
;6i8.  July  15,  1904.    Wings  Neck  Light  NE  '/4  N,  6X  miles;  Mattapoiaett  Light  NW  by  N  K  N.  4K 

miles;  7  fathoms;  ssft  black  mud;  7-foot  beam  trawl;  scrape  dredge;  drift  ENE  yi  mile, 
7619.  July  35,  1904.    Wings  Neck  Light  NE  by  S  X  B,  <5X  miles;  Mattapoisett  Light,  NNW,  iK 

miles;  7  fathoms;  soft  black  mud;  7-foot  beam  trawl;  scrape  dredge;  drift  ENE  yi  mile. 
7630.  July  35,  1904.     Bird  Island  Light  NE  by  E,  3X  miles;  Mattapoisett  Light  NW  by  N  ^i  N,  jX 

miles;   4fathoms;   black  muddy  sand;  oyster  dredge ;   drift  NE  >i  mile. 
7611.  July  37,  1904.    Wings  Neck  Light  N  K  E,  6X  miles;  Mattapoisett  Light  NW  X  N,  7X  miles; 

5X  fathoms;  coarse  sand  and  shell  fragments;  oyster  dredge;  drift  NNW  yi  mile. 
76aa.  July  37,  1904.     Wings  Neck  Li^t  N  by  E  K  E,  sX  miles;  Mattapoisett  Light  NW  X  N,  6K 

miles;   7  fathoms;   black  muddy  sand;   7-foot  beam  trawl;  scrape  dredge;   drift  NE  X  °iile. 
7623.  July  17,  1901.    Wings  Neck  Light  NE  H  N,  4H  miles;  Mattapoisett  NW  K  W,  4H  miles;  7 

fathoms;  black  mud;  7-fbot  beam  trawl,  scrape  dredge;  drift  N  yi  mile. 

7634.  July  37, 1904.    Wings  Neck  Light  NE  by  E,  4'X  miles;  MattapMsett  NW  yi  W,  3X  miles;  5X 

fathoms;  muddy  sand  and  shell  fragments;  7-foot  beam  trawl;  scrape  dredge,  drift  NE  yi  mile. 

7635.  July  37,  1904,    Wmgs  Neck  Light  E  by  N  K  N,  4X  miles;  Mattapoisett  Light  NW  by  W  X  W. 

3  miles;  4^  fathoms;  muddy  sand:  oyster  dredge;  drift  SSW^  mile. 

7636.  July  39,  1904.     Wings  Neck  Ught  N  by  E,  4  miles;    Mattapoisett  Light  NW  by  W  X  W.  6'/i 

miles;  4X  fathoms;  muddy  sand  and  shell  fragments;  oyiter  dredge;  drift  SW  >£  mile. 

7637.  July  39,  1904.    Wings  Neck  Light  NE  by  N,  3^  miles;   Bird  Island  Li^t  N  by  W  J<  W,  9j< 

miles;  $yi  icAbotta;  sandy;  7-foot  beam  trawl;  scrape  dredge;  drift  SWX  mile. 

7638.  July  39,  1904.     Wbigs  Neck  Light  NE  by  E  K  S.  3  mUes;   Bird  Island  Light  N  J^  W,  i^  miles; 

4fathoms;  muddy  sand  and  shell  fragments;  oyster  dre<^;  drift  SW  >{  mile. 

7639.  July39,i904.     Black  Buoy  on  Bow  Bells  SSW  X  W,X  mile;   Bird  Island  Light  Ej^  N,  ^mile; 

4faU]oms;  sandy  mud;  oyster  dredge;  drift  SW^  mile. 
7630.  August  I,  1904.    \^mgs  Neck  Light  N  K  E.  sX  milea:  Bird  Island  Light  NW  X  W,  3  miles;  4 
fathoms;  sandy;  oyster  dredge ;  drift  SW  yi  mile. 


.Google 


BIOLOGICAL  SURVEY  OF  WOODS  HOLE  AND  VICINITY.  30$ 

Sution  no. 

76J1.  August  I,  1904.    WingB  N<!ck  Light  NB  "4  B.  iK  '°<1m:  Bird  Island  Light  NW  by  W  X  W,  i^ 

miles;  5  fathoms:  mud  and  sheila;  oyster  dredge;  drift  SW  >i  mile. 
7631.  August  I,  1904.    WingB  Neck  Light  E  ^  S,  i  miles;  Bird  Island  Light  SW  by  W  X  W,  ^  miles; 

3 1{ fathoms;  mud;  oyster  dredge;  drift  SW  }^  mile. 

7633.  August  I,  1904.    Wings  Neck  Light  SE  by  E.  ij<  miles;  Bird  Island  Light  SW  |^  W,  ij<  miles; 

3^ fathoms;  muddy  sand;  oyster  dredge;  drift  SW  y6  mile. 

7634.  August  I,  1904.     Wings  Neck  Light  SSE,  iW  miles;  Birdlsland  Light  SW  by  W  X  W,  a^  miles; 

3)^  fathoms;  sand  and  shell  fragments;  oyster  dredge ;  drift  SW  }4  mile. 

7635.  August  I,  1904.     Wings  Neck  NE  by  E  X  E,  H  mile;    Dry  Ledge  N  by  W  Ji  W,  »  miles;  4K 

fathoms;  muddy  sand  and  shell  fragments;  oyster  dredge ;  drift  SW  >i  mile. 

7636.  August  3,  1904.    Nobska  Light  E  by  S  Ij'  S,  3^  railes;  Little  Weepecket  Island  and  Sippowisett 

Hotel  in  line  SSE  X  E;   North  Weepecket  Island  !4  mile;   7  fathoms;  rocky  with  coaise  sand; 
oyster  dredge;  scrape  dredge;  drift  NW  yi  mile. 

7637.  August  3,  1904.     Nobska  Light  ESE,  5  miles;   Sippowisett  Hotel  E  K  N,  $yi  miles;   8  fathoms; 

black  sandy  mud;  7-foot  beam  trawl;  oyster  dredge;  scrape  dredge;  drift  E  }4  mile, 

7638.  August  3,  1904.     Nobska  Light  SE  by  E  >^  E,  6>^  miles;    Mattapoisett  Light  N  ><  E.  6  miles; 

8  fathoms;   black  sandy  mud;   7-foot  beam  trawl;  oyster  dredge;   drift  ENE  ^  mile. 

7639.  August  3,  1904,     Nobska  Ught  SE  by  E,  iH  miles;    Cormorant  Rock  Spindle  NE  by  N,  3)4 

miles;   5^  fathoms;  hard  sand  and  rocks;  oyster  dredge;  drift  ENE  X'  mile. 

7640.  August  s,  1904.    Laige  Weepecket  Island  NE  }i  E,  i>i  miles;  Oark's  Point  Fort  NW  H  N,  8J< 

miles;  6  fathoms;  black  simdy  mud;  oyster  dredge;  drift  NW  }i  mile. 

7641.  August  s,  1904.     North  Weepecket  Island,  E  K  N,  aj^  miles;   Clark's  Point  Fort  NW  by  N,  jH 

miles;  7|i  fathoms;  soft  sandy  mud;  7-foot  beam  trawl;  scrape  dredge;  drift  SSE  J<  mile 
7649.  August  5,  1904.    Sippowissett  Hotel  E  ff  N,  7^  miles;  Clark's  Point  Fort  NW  by  N,  5^  miles; 
8  fathoms;  soft  black  mud;  oyster  dredge;  drift  SSE  >^  mile. 

7643.  At^ust  5,  1904.    Clark's  Point  Fort  NW  by  N  4X  mites;  Sippowissett  Hotel  E  K  S,  S  miles;  7 

fathoms;  mud  and  muddy  sand;  beam  trawl;  oyster  dredge;  drift  SSE  ^  mile. 

7644.  August  S,  1904.     Dumpling  Bock  Light  W  by  S,  3>i  miles;  Clark's  Point  Fort  NW  by  N,  3  miles; 

5^  fathoms;  sand  and  mud;  beam  trawl;  scrape  dredge;  oyster  dredge ;  drift  SSB  >^  mile. 
7643.  August  8,  1904,     Lookout  on  West  Island  E  by  S;4S,2>imUes;  BuUersFlat  Light  NW.  Ji  mile; 
4  fathoms;  muddy  sand  with  many  cinders;  oyster  dredge;  drift  SW  )4  mile. 

7646.  August  8,  1904.     Dumpling  Rock  Light  SW  >i  S,  3  miles;  Sconticut  Neck  Beacon  SE  by  E  >^  E, 

iX  miles;  ;  fathoms;  soft  sticky  mud;  oyster  dredge ;  drift  SW  >i  mile. 

7647.  Augusts,  1904.     Dumpling  Rock  Light  SWKW,  3  miles;  Clark's  Point  Fort  NW  J<  N,  i|^  miles; 

6  fathoms;  soft  sandy  mud;  oyster  dret^e;  drift  SW  J4  mile. 

7648.  August  8,  1904.     Clark's  Point  Fort  N  by  E  X  B,  i  mile;  bell  and  black  can  buoy  in  line,  SE  ^ 

E,  3}4  miles;  4}^  fathoms;  sandy  and  many  cinders;  oyster  dredge;  drift  SW  yi  mile. 

7649.  Ai^ust  8,  1904.     Dumpling  Rock  Light  SW,  pi  mile ;  Barekneed  Rocks  Spindle  NW  by  W  X  W, 

I  mile;  5!^  fathoms;  soft  mud;  oyster  dredge;  drift  SW  yi  mile. 

7650.  August  8,  1904.     Dumpling  Rock  Light  W  K  S.  i>^  miles;   Clark's  Point  Fort  N  ><  E,  3j<  miles; 

7  fathoms;  sandy  mud;  oyster  dredge;  drift  SW  )4  mile. 

7651."  August  II,  1904.  North  Rock  and  tangentof  Pasque  Island  in  line,  i>i  miles;  Lone  Rocks  Bell 
Buoy  W  by  N  >^  N,  ij^  miles;   ^yi  fathoms;-  soft  black  mud;  oyster  dredge. 

7653.  August  It,  1904.  Lone  Rock  buoy  W  K  S,  s^i  miles;  south  end  Big  Weepecket  Island  NE  by 
EKE,  syi  miles;  7  fathoms;  soft  sandy  mud;  oyster  dredge;  drift  NW  yi  mile. 

7653.  August  II,  1904.    Lone  Rock  buoy  SW  yi  W,  afi  miles;  North  Weepecket  Island  B  by  N,  ^yi 

miles;  8  fathoms;  black  sandy  mud;  beam  trawl,  scrape  dredge;  drift  SW  yi  mile. 

7654.  August  II,  1904.     West  end  Penikese  Island  SW  by  W,  smiles;  Dumpling  Rock  Light  NW  K  W, 

3J£  miles;  9  fathoms;  black  sandy  mud;  7-foot  beam  trawl,  scrape  dredge;  drift  SW  yi  mile. 

7655.  August  II.  1904.     West  end  Penikese  Island  SW  yi  S,  5X  miles;  Dumpling  Rock  Light  WNW, 

tH  miles;  ^yi  fathoms;  black  sandy  mud;  oyster  dredge;  drift  SW  yi  mile. 

7656.  August  II,  1904.     North  end  Penikese  Island  W  by  S,  jyi  miles;  Dumpling  Rock  Light  NNW 

yi  W,  4j4  miles;  8  fathoms;  sandy  mud;  7-foot  beam  trawl,  scrape  dredge;  drift  NE  yi  mile. 

"  Thi*  nuim  M  plMlcd  on  the  chart  ii  coondcnblr  nearer  ihoic  Chan  the  beatinia  (iven  would  indlcaU. 
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7657.  August  la,  1904.    North  end  Penikese  Island  SW  yi  W,  3}^  miles;  Dumpling  Rock  Light  NNW 

yi  W|  ZH  miles;  8  fathoms;  sandy  mud;  7-foot  bea.m  trawl,  scrape  dredge;  drift  SW  X  mile. 

7658.  August  13,  1904.     Hen  and  Chickens  Lightship  SW  by  W  K  W,  6H  miles;  Dumpling  Rock  Light 

NNW,  ipi  miles;  9  fathoms;  black  mud;  oyster  dredge. 

7659.  August  11,  1904.    Mishaum  Point  SW  by  W  X  W,  i^  miles;  Dumpling  Rock  Lig^t  NNE,  H 

mile;  5X  fathoms;  rocky,  with  gravel  and  shell  fragments;  oyster  dredge;  drift  SW  }4  mile. 

7660.  August  II,  1904.     Hens  and  Chickens  Lightship  SW  by  Wj^W,  4K  miles;  Dumpling  Rock  Light 

NNE  yi  E,  3}i   miles;  -j;-,  fathoms;  muddy;  7-foot  beam  trawl,  scrape  dredge;  drift  SW  yi 

7661.  August  II,  1904.    Hen  and  Chickens  Lightship  W  by  S,  s>l' miles;  Dumpling  Rock  Light  N  ^  E, 

jj^  miles;  ij}^  fathoms;  muddy;  7-foot  beam  trawl,  scrape  dredge;  drift  SW  ^  mile. 

7661.  August  12,  1904.     Hen  and  Chickens  Lightship  W  ><  N,  6  miles;  Dumpling  Rock  Light  N  X  W, 

4)4  miles;  10  fathoms;  soft  mud;  7-foot  beam  trawl,  scrape  dredge;  drift  SW  X  mile. 

7663.  August  ji,  1904.     North  Rock  E  by  N  K  N,  K  ™''e;   Dumpling  Rock  Light  N  by  W  K  W,  6 

mites;  7  fathoms;  mud  and  shells;  7-foot  beam  trawl,  scrape  dredge;  drift  SW  yi  mile. 

7664.  August  15,'  1904.     Cuttyhunk  Light  Z  }i  ^.  H  mile;  Hen  and  Chickens  Lightship  NW  J<  N, 

3)4  miles;  i»  fathoms;  small  stones;  oyster  dredge;  drift  SW  }4  mile. 

7665.  August  :s,  1904.     Cuttyhunk  Light  SE  by  E  i^i  miles;  Hen  and  Chickens  Lightship  NW  ^  N, 

ij/i  miles;  11^  fathoms;  rocky  and  sandy;  oyster  dredge;  drift  SW  yi  mile. 

7666.  August  15, 1904.     North  end  Penikese  Island  E,  4  miles;  Hen  and  Chickens  Lightship  NW  ^4  N, 

^  mile;  1:  fathoms;  rocky  and  small  stones;  oyster  dredge;  drift  SW  yi  mile. 

7667.  August  15, 1904.    Dumpling  Rock  Light  NE  by  E,  6>i  miles;  Hen  and  Chickens  Lightship  SE  by 

S  }i  S,  )i  mile;  9  fathoms;  small  stones;  oyster  dredge;  drift  SW  }4  mile. 

7668.  August  15,  1904.     Mishaum  Point  NE  by  E  K  B-  SH  miles;  Cuttyhunk  Light  SSE,  S  miles;  S 

fathoms;  muddy  sand;  oyster  dredge;  drift  SW  yi  mile. 

7669.  August  15,  1904-     Dumpling  Rock  Light  NE,  5^  miles;  Cuttyhunk  Light  S  by  E  K  B>  3>i 

miles;  13  fathoms;  black  sandy  mud;  oyster  dredge. 

7670.  August  15,  1904.     Dumpling  Rock  Light  NE  by  N  ^  N,  6  miles;  north  end  Penikese  Island 

E  >£  N,  a  miles;  19  fathoms(P);  small  stones;  oyster  dredge;  drift  SW  >i  mile. 

7671.  August  15.  1904.     Cuttyhunk  Life-Saving  Station  SE  by  E  J^  E,  i>^  miles;  Cuttyhunk  Light 

SW  K  S>  1  mile;  9  fathoms;  stones  and  muddy  sand;  7-foot  beam  trawl,  oyster  dredge;  drift 
SW  X  mUe. 
7671.  August  17,  1904.     Cuttyhunk  Light  SW  by  S,  ^H  miles;  Hen  and  Chickens  Lightship  W  >i  N, 
4  miles;  10  fathoms;  small  stones,  sand,  and  shells;  oyster  dredge;  drift  SW  }i  mile. 

7673.  August  17,  1904.     Cuttyhunk  Light  S  X  W,  3X  miles;  Hen  and  Chickens  Lightship  W  by  S, 

3X  miles;  17  fathoms;  sandy  mud  and  stones;  beam  trawl,  scrape  dredge;  drift  SW  X  mile. 

7674.  August  17,   1904.     Dumpling  Rock  Light  NE  yi  E,  4  miles;  Cuttyhimk  Life-Saving  Station 

SE  by  S  X  S,  4X  miles;  7  fathoms;  coarse  sand  and  mud;  oyster  dredge;  drift  SW  }4  mile. 
7G75.  August  17,  1904.     Mishaum  Point  E  by  N.  a  miles;  Hen  and  Chickens  Lightship  SW  by  S  X  S, 
3 fi  miles;  tyi  fathoms;  muddy  sand;  beam  trawl,  oyster  dredge;  drift  SW  yi  mile. 

7676.  July  17,  1905,    Gay  Head  Light  SW  X  S,  Prospect  Hill  SE  by  E  X  E;  9K  fathoms;  hard  sand, 

7-foot  beam  trawl. 

7677.  Julyi7,i905.     Gay  Head  Light  S  by  W  X  W,  Prospect  Hill  ESE  X  E,  iiX  fathoms;  hard  sand; 

7-foot  beam  trawl;  scrape  dredge. 

7678.  July  17,  1905.     Prospect  Hill  SE  by  S,  Gay  Head  Light  SW  J<  W,  12;^  fathoms;  hard  sand; 

7-foot  beam  trawl,  scrape  dredge.     (Very  little  in  the  scrape  dredge.) 

7679.  July  a4,  1905.    (a)  Pasque-Nashawena  40°  47',  Nashawena-Cuttyhunk  27°  05*;  (ft)  Pasque-Nasha- 

wena  38°  36',  Nashawena-Cuttyhunk  33"  44';  13X  fathoms;  sand  and  shells;  6-foot  beam 
trawl  and  scrape  dredge. 

7680.  July  14,    1905.     (a)   Pasque-Nashawena   33°   aa',   Nashawena-Cuttyhunk   31°   30';  (&)   Pasque- 

Nashawena  33°  35',  Nashawena-Cuttyhunk  22°  ic/;  (c)  Pasque-Nashawena  33°  47',  Nashawena- 
Cuttyhunk  22°  19';  13X  fathoms;  hard  sand;  6-faot  trawl  and  scrape  dredge. 
76S1.  July  24,   1905.     (a)   Pasque-Nashawena  35°   56^,   Nashawena-Cuttyhunk  31°   o;';  (ft)   Pasque- 
Nashawena  34°  41';  Nashawena-Cuttyhunk  29°  11';  (c)  Pasque-Nashawena  33°  05',  Nashawena- 
Cuttyhunk  28°  o3';  131^  fathoms:  hard  sand;  6-foot  trawl;  scrape  dredge. 
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76S2.  July  34,  1905-  (n)  Pasque-Nashawena  37°  40',  N ash awcna-Cutty hunk  ig°  07';  (6)  Taipaulin 
C3ve-Nasfaawena89°oS',  Nash  a  wena- Gay  Head  9$°  09';  (c)  Tarpaulin  Cove-UaaSxavret^gi"  og'; 
Na^awena-Gay  Head  Sg°  37';  ig  fathoms(?);  hard  sand,  tnud,  and  shells;  6-foot  trawl  and 
scrape  dredge. 

7683.  July  36,  1095.  (a)  Gay  Head-Nasha wena  127°  48',  Nashawena-Cuttyhunk6i''o7';  (6)  Gay  Head- 
Nasbawena  tio°  50',  Nashawena-Cuttyhunk  60°  oo';  (c)  Gay  Head-Nashawena  114°  41', 
Nashawena-Cuttyhimk  61°  45';  i9>^(?)  fathoms;  hard  sand;  7-foot  beam  trawl,  mud  b% 
and  oyster  dredge. 

7654.  July  16,  1905.    (a)  Gay  Head-Nadawcna  105°  43',  Nashawena-Cuttyhunk  59°  40*;  (6)  Gay 

Head'Nashawena  100°  s^,  Nashawena-Cuttyhunk  37°  33';  (c)  Gay  Head-Nashawena  94°  13', 
Nashawena-Cuttyhunk  55°  43';  is^i  fathoms;  hard  sand;  7-foot  beam  trawl,  mud  b^,  oyster 

7685.  July  36,   1905.     (a)  Gay  Head-Nashawena   139°  44',   Nashawena-Cuttyhunk   75°  43';  (b)  Gay 

Head-Nashawena  133°  46',  Nashawena-Cuttyhunk  75°  20';  (c)  Gay  Head-Nashawena  ti6°  59^, 
Nashawena-Cuttyhunk  77°  46';  17  fathoms;  hard  sand;  7-foot  beam  trawl,  mud  b^,  and  oyster 
dredge. 

7686.  July  36,  1905.     (a)  Gay  Head-Nashawena  102°  34',  Nashawena-Cuttyhunk  73°  ss':  W  Gay  Head- 

Nashawena  99°  43',  Nashawena-Cuttyhunk  71°  15^;  (c)  Gay  Head-Nashawena  93°  51',  Nasha- 
wena-Cuttyhunk 68°  34';  i7>^  fathoms;  bard  sand;  7-foot  beam  trawl,  mud  bag,  and  oyster 

7687.  July  36, 1905.    (a)  Gay  Head-Nashawena  105°  11',  Nashawena-Cuttyhunk  109°  15';  (6)  Gay  Head- 

Nasbawena  :o3''  6/,  Nashawena-Cuttyhunk  :o4°  43';  (c)  Gay  Head-Nashawena  97°  ji',  Nasha- 
wena-Cuttyhunk 103°  23';  II  fathoms;  hard  sand;  7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7655.  July  36,  1905.     (a)  Gay  Head-Na^awena  90°  36',  Nashawena-Cuttyhunk  96°  36';  (b)  Gay  Head- 

Nashawena  85°  43',  Nashawena-Cuttyhimk  90°  57':  (c)  Gay  Head-Nashawena  79°  jg',  Nasha- 
wena-Cuttyhunk 90°  38';  (d)  Gay  Head-Nashawena  76°  37',  Nashawena-Cuttyhunk  ga"  44'; 
13  fathoms;  hard,  coarse  sand;  7-fo3t  beam  trawl,  mud  bag,  oyster  dredge. 

7689.  July  36,  J905.     (a)  Nashawena-Cuttyhunk  Life  Saving  Station  93°  11',  Life -Saving  Station-Cut- 

tyhunk  Light  46"  59';  (b)  Nashawena-Cuttyhimk  Life-Saving  Station  69°  21',  Life-Saving  Sta- 
tion-Cuttyhunk  Light  54°  40*;  (c)  Nashawena-Cuttyhunk  Life-Saving  Station  59°  31/,  Lifc- 
Saving  Station- Cutty  hunk  Light  57°  46';  9  fathoms;  hard  sand  and  rocks;  7-foot  beam  trawl, 
mud  bag,  oyster  dredge. 

7690.  July  26, 1905.    (o)  Gay  Head-Nasbawena  70°  it',  Nasbawena-Cuttyhunk  106°  47';  (6)  Gay  Head- 

Nasbawena  71°  03',  Nashawena-Cuttyhunk  106"  57';  (c)  Gay  Head-Nashawena  71"  14',  Nasb- 
awena-Cuttyhunk 93°  31';  9  fathoms;  rocky;  7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7691.  July  36,  1905.     (a)  Gay  Head-Nashawena 69°  46^,  Nashawena-Cuttyhunk  119°  59';  (b)  Gay  Head- 

Nashawena   70°  33',   Nashawena-Cuttyhunk   113°  58';  9  fathoms;  rocky;  7-foot  beam  trawl, 
mud  bag,  oyster  dredge. 
7693.  July  36,  1905,    (a)  Gay  Head-Nasbawena  61°  57',  Nashawena-Cuttyhunk  80°  86';  (6)  Gay  Head- 
Nashawena  60°  40',  Nashawena-Cuttyhunk  73'  07;  9  fathoiiis,  rosky;  7-foot  beam  trawl,  mud 
bag,  oyster  dredge. 

7693.  July  36,  1905.     (a)  Gay  Head-Nashawena  83°  15',  Nashawena-Cuttyhunk  133°  ^o^;  (b)  Gay  Head- 

Nashawena  87°  44',  Nashawena-Cuttyhunk  133°  59';  (c)  Nashawena-Cuttyhunk  Life-Saving 
Station  117"  41',  Life-Saving  Station-Cutty  hunk  Light  it°  55';  11  fathoms;  rocky  bottom; 
7-foot  beam  trawl,  oyster  dredge,  mud  bag. 

7694.  July  36,  1903.     {a)  Naushon  SW-Nashawena  46°  37',  Nashawena-Cuttyhunk  99"  33';  (b)  Naushon 

SW-Nashawena  80°  13',  Nashawena-Cuttyhunk  66°  06';  (c)  Naushon  SW-Pasque  39°  01',  Pasque 
Nashawena  83°  13';  13^  fathoms;  rocky;  7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

769s  July  36,  1905.  (a)  Naushon  SW-Pasque  51°  35',  Pasque -Nashawena  90°  38';  (6)  Naushon  SW- 
Pasque  61°  47',  Pasque-Nashawena  80°  03';  (c)  Naushon  SW-Pasque  66°  59',  Pasque-Nasba- 
wena  71°  56';  loyi  fathoms;  sandy;  7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7696.  July  36,  1905.  (a)  Naushon  SW-Pasque  81°  18',  Pasque-Nashawena  56°  38';  (6)  Naushon  SW- 
Pasque  85°  04',  Pasque-Nashawena  47°  40';  (c)  Naushon  SW-Pasque  81°  31',  Pasque-Nasha- 
wena 41°  33':  10  fathoms;  sandy;  7-foot  beam  trawl,  mud  bag,  oyster  dredge. 
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7697.  July  at,  1905.    (o)  Taipaulin  Cove-Natubon  SW  36°  41',  Naushaa  SW-Pasque  66°  33';  (ft)  Tar- 

paulin Ccxve-Nauahon  SW  56°  34',  Nausbon  SW-Pasque  45°  39';  (e)  Tarpaulin  Cove-Nauskon 
SW  66°  sue/,  Nauabon  SW-Paaque  33°  43';  sand  and  mud:  7-fcx>t  beam  trawl,  mud  bag,  and 
oyster  dredge. 

7698.  July  aS.  1905.    (o)  Nashaweua-Gay  Head  90°  txi',  Gay  Read-Prospect  Hill  75°  17;  (6)  Nasha- 

wena-Gay  Head  89°  33',  Gay  Head-Ptospect  Hill  73"  ai';  (e)  Nashawena-Gay  Head  87°  06', 
Gay  Hcad-Pro^>ect  Hill  71°  14';  (i)  Ha9hawena-Gay  Head  84°  4;';  Gay  Head-Pit>apect  Hill 
69°  56*;  la  fathoms:  sandy. 

7699.  July  38,  1905.    (o)  Naahawena-Gay  Head  87°  33',  Gay  Head-Prospect  Hill  68°  4/;  (b)  Nasha- 

wena-Gey  Head  91°  08',  Gay  Head-Prospect  Hill  68°  31';  {c)  Nashawena-Gay  Head  93°  la', 
Gay  Head-Prospect  Hill  67°  41';  10  fathoms;  hard  sand. 

770a.  July  aS,  1905.  (a)  Nashawena-Gay  Head  92°  20',  Gay  Head-Prospect  Hill  66°  35';  {b)  Nasha- 
wena-Gay Head  98°  39',  Gay  Head-Prospect  Hill  64°  17';  (()  Nashawena-Gay  Head  99°  i6f, 
Gay  Head-Pn»pect  Hill  6a°  54';  (d)  Nashawena-Gay  Head  99°  5a',  Gay  Head-Pro^>ect  Hill 
61°  19^;  10  fathoms;  sand. 

7701.  July  aS,  1905.  (a)  Nashawena-Gay  Head  101°  35',  Gay  Head-Prospect  Hill  58°  19';  (fr)  Nasha- 
wena-Gay Head  101°  36^,  Gay  Head-Prospect  Hill  56°  31'':  (c)  Nashawena-Gay  Head  101°  or'. 
Gay  Head-Prospect  Hill  54°  45';  {d)  Nashawena-Gay  Head  :oo°  55',  Gay  Head-Prospect  Hill 
53°  '7';  '3  fathoms:  sand. 

7703.  July  a8,  1905.  (a)  Nashawena-Gay  Head  121"  43'.  Gay  Head-Prospect  Hill  68°  43';  (b)  Nasha- 
wena-Gay Head  124°  15', Gay  Head- Prospect  Hill  66°  01';  (e)  Nashawena-Gay  Head  135°  35^, 
Gay  Head-Prospect  Hill  64°  «';  (d)  Nashawena-Gay  Head  ja6''  37',  Gay  Head-Prospect  Hill 
6a°  a6';  13  fathoms;  sand. 

7703.  July  a8,  C905.     (a)  Nashawena-Gay  Head  129°  05',  Gay  Head-Prospect  Hill  55°  33';  (6)  Nasha- 

wena-Gay Head  139°  ao*,  Gay  Head-Prospect  Hill  53°  00';  (e)  Nashawena-Gay  Head  129°  45', 
Gay  Head-Prospect  Hill  51°  36';  (rf)  Nashawena-Gay  Head  129°  55',  Gay  Head-Prospect  Hill 
50°  08';  la  to  7  fathoms;  sand. 

7704.  July  31,  1905.    (a)  Pasque-Naahawena  73°  12',  Nashawena-Cuttyfaunk  43°  93';  {b)  Pasque-Natfia- 

wena  63°  47',  Nashawena-Cuttyhunk  47°  44';  (c)  Pasque-Nashawena  57°  55^;  Nashawena-Cut- 
tyhunk  49°  37';  lo^  fathoms;  sand. 

7705.  July  31,  1905.    (o)  Pasque-Nashawena  53°  47',  Nashawena-Cuttyhunk  43°  53';  {b)  Pasque-Nasha- 

wena 51°  32';  Nashawena-Cuttyhunk  41°  ai/;  (c\  Pasque-Nashawena  48°  5a',  Nashawena-Cut- 
tyhunk 39°  S3'i  7^  fathoms;  sand. 

7706.  July  31, 1905.    (a)  Pasque-Nashawena  43°  33',  Nashawena-Cuttyhunk  38°  13';  (b)  Pasque-Nasha- 

wena 41°  53',  Nashawena-Cuttyhtmk  37°  m';  (c)  Pasque-Nashawena  40°  16',  Nashawena-Cut- 
tyhunk 36°.  03';  (d)  Pasque-Nashawena  38°  49',  Nashawena-Cuttyhunk  34°  55';  i3>i  fathoms; 

7707.  July  31,  1905.     (a)  Pasque-Cuttyhunk  63°  41',  Cuttyhunk-Gay  Head  131°  32';  (6)  Pasque-Nasha- 

wena(rcjected),  Nashawena-Cuttyhitnk(rejected);  (c)  Pasque-Nashawena  29° 36';  Nashawena- 
Cuttyhunk  38°  35';  15  fathoms;  sand. 

7708.  July  31,  1905.     (o)  Pasque-Nashawena  30°  13',  Nashawena-Cuttyhunk  41°  34';  (6)  Pasque-Nasha- 

wena 31°  14',  Nashawena-Cuttyhunk  43°  51';  (c)  Pasque-Nashawena  32°  27^,  Nashawena-Cut- 
tyhunk 44°  33';  13X  fathoms;  sand. 

770Q.  July  31,  19C5-  {a)  Pasque-Nashawena  33°  35',  Nashawena-Cuttyhunk  48°  02';  (i)  Pasque-Nasha- 
wena 33°  41',  Nashawena-Cuttyhunk  51°  it/;  (c)  Pasque-Nashawena  34°  43',  Nashawena-Cut- 
tyhunk 53°  15*;  13}^  fathoms;  sand. 

7710.  July  31,  1905.  (o)  Pasque-Nashawena  30°  a6',  Nashawena-Cuttyhunk  65°  37';  (fr)  Pasque-Nasha- 
wena 37°  51',  Nashawena-Cuttyhunk  71°  53';  (c)  Pasque-Nashawena  26°  10',  Nashawena-Cut- 
tyhunk 7S°  23';  {d)  Pasque-Nashawena  25°  47',  Nashawena-Cuttyhunk  77°  02';  \i',i  fathoms; 
fine  sand. 

7717.  August  4,  1903.  (o)  Naushon  SW-Noshawena  45°  16';  Nashawena-Cuttyhunk  s»°  46';  (*)  Nau- 
ahon  SW-Nashawena  46°  5/,  Nashawena-Cuttyhunk  50°  la';  (c)  Naushon  SW-Nashawena 
48°  15^,  Nashawena-Cuttyhunk  48°  37';  13}^  fathoms;  sand;  beam  trawl  and  scrape  dredge. 
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7718.  Auguat  4,  1905.    (a)  Nanahon  SW-NaShaweaa  43°  3a'.  Nashawena-Cuttyhunk  45°  55';  (6)  Nau- 

aboa  SW-Noihawena  43"  59',  Nashawena-Cuttyhunk  44°  's';  (c)  Naushon  SW-Nailiawena 
44°  17',  Naabawena-Cuttyhunk  43°  »6',  14  fatlioma;  sand  and  sfaella:  beam  trawl  and  scrape 

7719.  August  4,  1905.    (a)  Naushon  SW-Naabawena  43"  01',  Nashawena-Cuttyhunk  40°  3c/;  (6)  Nau- 

^UM  SW-Naahawena  41°  st',  Nadiawena-Cuttyhunk  39°  47';  (c)  Naushon  SW-Nashawena 
43°  st',  Naahawena-Cuttyhunk  39°  15';  id)  Naushon  SW-Nashawena  43°  57',  Nashawena-Cut- 
tyhunk 38°  4S';  17  fathoms:  sand  and  shells;  beam  trawled  scrape  dredge. 

7730.  August  4,  1905.     ((0  Nanahon  SW-Nashawena  41°  51',  Nashawena-Cuttyhunk  37°  31';  (b)  Nau- 

shon SW-Naabawena  42"  ae/,  Naahawena-Cuttyhunk  37°  oS'')  (c)  Naushon  SW-Naahawena 
41°  01',  Naahawena-Cuttyhunk  37°  la';  13^^  fathoms;  sand  and  shells;  beam  trawl  and  scrape 

7711.  Auguat  4,  1905.  (o)  Naushon  SW-Nashawena  33°  50',  Nashawena-Cuttyhunk  51"  13';  (ft)  Nau- 
shon SW-Nsshawena-33°  15',  Nashawena-Cuttyhunk  49°  30^;  (c)  Naushon  SW-Nashawena 
33°  47",  Nashawena-Cuttyhunk  47°  39';  11  fathoms;  sandy;  beam  trawl  and  scrape  dredge. 

773a.  August  4,  1905.  (a)  Naushon  SW-Nashawena  37°  a/,  Nashawena-Cuttyhunk  40"  51';  (6)  Nau- 
shon SW-Nashawena  37°  53',  Nashawena-Cuttyhunk  39°  30';  (e)  Naushon  SW-Nashawena 
38°  13',  Nashawena-Cuttyhunk  38°  ai';  13  fathoms;  hard  sand;  beam  trawl  and  scrape  dredge. 

7733.  Auguft4, 1905.  (o)Cuttyhuak-GayHead77°59',GayHead-Pro^>ectHilli36'*3s';  (ft)(rejected); 
(e)  Cuttyhunk  Ufe-Saving  SuUon-Gay  Head  88°  »4',  Gay  Head-Prospect  Hill  iis*"  ^j';  13 
fathoms;  hard  sand. 

77^4.  August  8,  1905.  (a)  Gay  Head-Prospect  Hill  141°  44',  Prospect  Hill-tangent  Cedar  Tree  Neck 
66°  58';  (*)  Gay  Head-Plospect  Hill  133°  35',  Prospect  Hill-tangent  Cedar  TVee  Neck  69°  4a'; 
(c)  Gay  Head-Prospect  Hill  137°  39^.  Pro^iect  Hill-tangent  Cedar  Tree  Neck  73°  15^;  10  fath- 
oms, hard  sand;  9-foot  beam  trawl,  mud  bag. 

7715.  August  8,  1905.  (a)  Gay  Head-Prospect  Hill  116°  33',  Prospect  Hill-tangent  Cedar  Tree  Neck 
75°  49*;  (6)  Gay  Head-Prospect  Hill  111°  44'.  Prospect  Hill-tangent  Cedar  Tree  Neck  76*  55'; 
(e)  Gay  Head-Prospect  HiU  108°  59',  Prospect  HiU-tangent  Cedar  Tree  Neck  76'  35^;  10  fath- 
oms; bard  sand;  9-[aot  beam  trawl  and  mud  bag. 

7736.  August  8,  igos-     (a)  Gay  Head-Prospect  Hill  105°  34',  Prospect  Hill-Taipaulin  Cove  11:' 

(ft)  Gay  Head-Proq>ect  Hill  103°  sf.  Ptoapect  Hill-Tarpaulin  Cove  loS"  41';  (c)  Gay  H^- 
ProBpect  Hill  100°  44',  Prospect  Hill-Tarpaulin  Cove  106°  59';  15  to  ijyi  fathoms;  sandy  mud; 
9-foot  beam  trawl  and  mud  bag. 

7737.  August  8,  1905.     (a)  Gay  Head-Prospect  Hill  93"  o/.  Prospect  Hill-Tarpaulin  Cove  103°  56"; 

(b)  Gay  Head-Prospect  Hill  89°  45'.  Prospect  Hill-Tarpaulin  Cove  103°  31';  (c)  Gay  Head- 
Prospect  Hill  87"  3i',  Prospect  Hill-Tarpauliu  Cove  103°  iS*;  13  fathoms;  hard  aand;  9-foot 
beam  trawl  and  mud  bag. 

7738.  August  8,  1905.    {0)  Prospect  Hilt-Pasque  98"  45'.  Pasque-Gay  Head  83°  03':  (6)  Prospect  Hill- 

Pasque  104°  S"'»  Pasque-Gay  Head  88°  33';  (c)  Prospect  Hill-Pasque  107°  43',  Pasque-Gay 
Head  90°  57';  8  fathoms;  sticky  mud;  9-foot  beam  trawl  and  mud  bag. 

7739.  August  8,  1905.     (a)  Prospect  Hill-Pasque  ti6°  51',  Pasque  Gay-Head  101°  01';  (ft)  Gay  Head -Pros- 

pect Hill  134°  30',  Prospect  HiU-tangent  Cedar  T^ee  Neck  50°  53';  (c)  Gay  Head-Froapect  Hill 
139°  34',  Prospect  HiU-tangent  Cedar  Tree  Neck  50°  53';  io>^  fathoms;  hard  sand;  9-foot  beam 
trawl  and  mud  bag. 
•730.  August  8,  1905.  (a)  Prospect  Hill-Nashawena  iij"  59',  Nashawena-Gay  Head  87"  59';  (ft)  Prcs- 
pect  Hill-Pasque  93°  37',  Pasque-Gay  Head  115°  33';  (c)  Prospect  Hill-Pasque  lor"  $•/,  Pasque- 
Gay  Head  118°  41';  la  fathoms;  hard  sand;  9-foot  beam  trawl  and  mud  bag. 

7731.  August  8,  1905.     (a)  Naushon  SW-Nashawena  43"  17',  Nashawena-Cuttyhunk  30°  oC;  (6)  Nau- 

shon SW-Nashawena  43°  05'',  Nashawena-Cuttyhunk  39°  48';  {c)  Natuhon  SW-Nashawena 
41°  35^1  Naahawena  Cuttyhunk  39°  39';  isfathoma;  hard  sand;  9-foot  beam  trawl  and  mud  bag. 
7733.  August  10,  1905.  (a)  Naushon  SW-Tarpaulin  Cove  59°36',  Tarpaulin  Cove-Nashawena  37°  34'; 
(ft)  Naushon  SW-Tarpatilin  Cove  53°  01',  Tarpaulin  Cove-Nashawena  36°  43';  (c)  Nauahon  SW- 
Tarpaulin  Cove  31°  3a':  Tarpaulin  Cove-Nashawena  40°  30*;  la^  fathoms;  sand  and  pebbles: 
9^oot  beam  trawl,  scrape  dredge, 
16369°— Bull.  31,  pt  r— 13 14 
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StAtko  no, 

7733.  August  10,  1905.    (o)  Naushon  SW-Tarpaulin  Cove  16°  41/,  Tarpaulin  Cove-Nashawena  67"  51', 

(b)  Naushon  SW-Taq>aulin  Cove  16°  4*',  Tarpaulin  Cove-Nashawena  63°  aa';  {c)  Naiiahon  SW- 
Tarpaulin  Cove  r6°  18',  Tarpaulin  Cove-Nashawena  58°  13';  13  fatboms;  pebbles,  9-foot  beam 
Irawl,  scrape  dredge, 

7734.  August  10,   jgoj.     (a)  Tarpaulin  Cove-Nauahon  SW  31°  18',  Naushon  SW-Pasque  53'  sS";  (6) 

Tarpaulin  Cove-Naushon  SW  31°  4/,  Naushon  SW-Pasque  48°  48';  (c)  Tarpaulin  Cove-Naushon 
SW  31"  30',  Naushon  SW-Pasque  43°  SS*!  loM  fathoms;  sand  and  sheila;  9-foot  beam  ttawl  and 
scrape  dredge. 

7735.  August  10,  1905.     (a)  Gay  Head-Prospect  Hill  66°  00*,  Prospect  Hill-Kopeecon  Point  43°  57^; 

(6)  Gay  Head-Prospect  Hill  68°  s^,  Prospect  Hill-Kopeecon  Point  47°  ai',  (c)  Gay  Head-Proo- 
pect  Hiil  71°  04',  Prospect  Hill-Kopeecon  Point  50°  31';  9  fathoms;  sand;  g-foot  beam  trawl 
and  scrape  dredge. 

7736.  August  10,  1905.    (a)  Prospect  Hill-Kopeecon  Point  $6°  ao',  Kopeecon  Point-Tarpaulin  Cove 

irj°  03';  (6)  Prospect  Hill-Kopeecrai  Riint  60°  21',  Kopeecon  Point-Tarpaulin  Cove  108°  13'; 

(c)  Kopeecon  Point-Tarpaulin  Cove  106°  34';  13  fathoms;  sand  and  shells,  9-foot  beam  trawl 
and  scrape  dredge. 

7737.  August  12,  1905.    (a)  Nobska-Naushon  Tripod  1*0°  $1',  Naushon  Tripod-Tarpaulin  Cove  33°  08'; 

(6)  Nobska-Naushon  Tripod  115"  18'.  Naushon  Tripod-Tarpaulin  Cove  32°  31';  (c)  Nobska- 
Naushon  Tripod  115°  15*,  Naushon  Tripod-Tarpaulin  Cove  32'  51';  m  fathoms;  pebbles. 

7738.  August  rj,  1905.     (a)  Nobska-Naushon  Tripod  85°  18',  Naushon  Tripod-Tarpaulin  Cove  73°  44'; 

{b)  Nobska-Naushon  Tripod  83°  43',  Naushon  Tripod-Tarpaulin  Cove  71"  38^;  (c)  (Dredge 
caught).     13  fathoms;  sand  and  gravel. 

7739.  August  II,  190S-     (a)  Nobska-Naushon  Tripod  74°  ii',  Naushon  Tripod-Tarpaulin  Cove  37°  56'; 

(,b)  Nobska-Naushon  Tripod  70°  36'.  Nau^on  Tripod-Nauahon  SW  61°  06':  (<)  Nobska-Naushon 
Tripod  67°  14'',  Naushon  Tripod-Tarpaulin  Cove  34°  38^;  8  fathoms;  sand  and  gravel. 

7740.  August  ii,  1905.     (a)  Kopeecon  R}lnt-Indian  Hill  73°  16',  Indian  Hill-Nortons  Point  48°  03';  (b) 

Kopeecon  Point-Indian  Hitl  78°  33',  Indian  Hill-Nortons  Point  46°  21';  (e)  Kopeecon  Point- 
Indian  Hill  80"  03',  Indian  Hill-Nortons  Point  43°  to';  15  fathoms;  sand  and  gravel. 

7741.  August  13,  1903.    (o)  Prospect  HilMndian  Hill  iia"  33',  Indian  Hill-Nortons  Point  a»°  37'; 

(6)  Prospect  Hill-Indian  Hill  roS"  37',  Indian  Hill-Nortons  Point  31°  03';  (e)  Prospect  Hill- 
Indian  Hill  102°  41',  Indian  Hiil-Nortons  Point  11°  30';  15  fathoms;  sand  and  shells. 

7742.  August  17,  1905.     (a)  Nobska-Naushon  Tripod  101°  34',  Naushon  Tripod-Naushon  SW  35°  47'; 

(6)  Nobska-Naushon  Tripod  99°  3/,  Naushon  Tripod-Naushon  SW  35°  53';  9  fathoms;  rocky; 
7-foot  beam  trawl,  mud  b^,  oyster  dredge. 

7743.  August  17,  1905.     (a)  Nobska-Naushon  Tripod  99°  4o',NatuJion  Tripod-Naushon  SW37°  44';  (6) 

Nobska-Naushon  Tripod  97°  4a',  Naushon  Tripod-Naushon  SW  38°  01';  10^  fathoms;  pebbles; 
7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7744.  Ai^fust  17,  1905.     (a)  Nobska-Tarpaulin  Cove  90°  58',  Tarpaulin  Cove-Nashawena  31°  05';  (&) 

Nobskft-Tarpaulin  Cove  89°  37',  Tarpaulin  Cove-Nashawena  31°  30*;  (c)  Nobska-Tarpaulin 
Cove  87°  39',  Tarpaulin  Cove-Nashawena  32°  33';  i2>^  fathoms;  pebbles  and  shells;  7-foot 
beam  trawl,  mud  bag,  oyster  dredge. 
7743-  August  17,  1903.  (a)  Nobska-Naushon  Tripod  73"  s;*,  Naushon  Tripod-Naushon  SW  33°  46'; 
(6)  Nobska-Naushon  Tripod  73°  58',  Naushon  Tripod-Naushon  SW  31°  30';  (c)  Nobska-Nau- 
shon Tripod  73"  17',  Naushon  Tripod-Naushon  SW  29°  53';  12  to  8  fathoms;  rocks  and  pebbles; 
7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7746.  August  17,  190S-     (a)  Gay  Head-Nortons  Point  48°  30*,  Nortous  Point-West  Chop  78°  34';  (6) 

Gay  Head-Nortons  Point  40°  09',  Nortons  Point-West  Chop  83°  if;  (c)  Gay  Head-Indian  Hill 
38°  33',  Indian  Hill-West  Chop  93°  18';  i$^/i  to  13^  fathoms;  stones  and  gravel;  7-foot  beam 
trawl,  mud  bag,  oyster  dredge. 

7747.  August  17,  1905.    (o)  Gay  Head-Indian  Hill  23°  16',  Indian  Rill-West  Chop  89°  41/;  (fc)  Gay 

Head. Indian  Hill  30°  11',  Indian  Hill-West  Chop  86°  16';  (e)  Falmouth  Observatory- Nobska 
67°  45^,  Nobska-Tarpaulin  Cove  63*^  46';  14  fathoms,  large  stones;  7-foot  beam  trawl,  mud  bag, 
oyster  dredge. 
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7748.  August  17,  1905.     (a)  Observatory-Nobska  Sa"  37',  Nobska-Taipaulin  Cove  43°  55';  (6)  Palmoutli 

Observatory-Nobska  79°  46',  Nabaka-Tatpaulin  Q}ve  38°  43';  (c)  Falmouth  Observatory-Nobska 
75°  14',  Nobska-Tarpauliit  G>ve37°oS';  13  fathoms;  pebbles  and  sand;  7-foot  beam  trawl,  mud 
bag,  oyster  dredge. 

7749.  August  17,  1905.    (a)  Falmouth  Observatory-Nobska  59°  31/,  Nobska-Tarpaulin  Cove  s^"  •''! 

(fi)  Falmouth  Observatory'-Nobska  58°  oa',  Nobaka-Taipaulin  Cove  53°  05';  (c)  Falmouth  Ob- 
servatory-Nobska 57°  03',  Nobska-Tarpaulin  Cove  51°  33';  loyi  fathoms;  hard  sand;  7-foat 
beam  trawl,  mud  bag,  oyster  dredge. 

7750.  August  17,  1905.     (a)  Falmouth  Observatory-Nobska  50°  33',  Nobska-Tarpaulin  Cove  56°  48'; 

(b)  Falmouth  Observatory-Nobska  50°  11',  Nobska-Tarpaulin  Cove  58°  lo';  sandy;  9-foot  beam 
trawl,  mwd  bag,  oyster  dredge. 

7751.  August  17,  1905.    (o)  Falmouth  Observatory-Nobska  41"  31',  Nobska-Tarpaulin  Cove  69°  45'; 

(6)  Falmouth  Observatory-Nobska  41°  to',  Noksba-Taipaulin  Cove  69°  aS';  (c)  Falmouth  Ob- 
servatory-Nobska 40°  48',  Nobaka-Taipaulin  Cove  69°  i</;  g'/i  fathoms;  sand;  9-foot  beam 
trawl,  mud  b^,  oyster  dredge. 

7751.  August  17,  1905.  (o)  Falmouth  Observatory-Nobska  32°  43',  Nobska-Tarpaulin  Cove  87°  31'; 
(6)  Falmouth  Observatory-Nobska  31°  s7''N''''s1m-T3'P^'*J*''^^^^°  t"';  W  Falmouth  Observ- 
atory-Nobska 31°  oy',  Nobska-Tarpaulin  Cave  85°  43';  10  fathoms;  sand  and  pebbles;  7-foot 
beam  trawl,  mud  bag,  oyster  dredge. 

77S3-  August  17,  1905.  (o)  Naushon  SW-Indian  Hill  66°  35',  Indian  Hill-West  Chop  75°  ai';  (6)  Nau- 
ahon  SW-Tndian  Hill  65°  a6',  Indian  Hill-West  Chop  -ji"  51';  (c)  Naushon  SW-Indian  Hill 
64°  34',  Indian  Hill-West  Chop  71°  aa';  i^yi  fathoms;  pebbles;  7-foot  beam  trawl,  mud  bag, 
oyster  dredge. 

7754.  August  17,  1905.  (a)  Indian  Hill-West  Chop  76°  11/,  West  Chop-Falmouth  Observatory  63°  $3'; 
(b)  Indian  Hill-West  Chop  73°  3;'.  West  Chop-Falmouth  Observatory  61'  43';  [c)  Indian  Hill- 
West  Cbop  ^3°  02' .  West  Chop-Falmouth  Observatory  6a°  aa';  13^  fathoms;  pebbles  and  sand; 
7-foot  beam  trawl,  mud  bag,  oyster  dredge. 

7755-  August  17,  1905.  {a)  Falmouth  Observatory-Nobska  95°  43',  Nobska- Naushon  SW  61°  jb';  (b) 
Falmouth  Observatory-Nobska  98°  11',  Nobska-Natishon  SW  Ga"  37'';  (c)  Falmouth  Observa- 
toiy-Nobska  98°  45',  Nobska-Naushon  SW  63°  45';  (d)  Falmouth  Observatory-Nobska  97"  05', 
Nobska-Naushon  SW  70"  51';  10  fathoms;  sand  and  gravel;  7-faot  beam  trawl,  mud  bag,  oyster 

7756.  August  ai,  1905,     (a)  Falmouth  Observatory-Nobska  SS°  05^,  Nobska-Tarpaulin  Cove  53°  14'; 

(i)  Falmouth  Observatory-Nobska  84°  58',  Nobska-Tarpaulin  Cove  51°  05';  (c)  Falmouth 
Observatory-Nobska  So °  15',  Nobska-Tarpaulin  Cove  54°  33';  11^  fathoms;  stones  and  pebbles; 
9-foot  beam  trawl,  mud  bag. 

7757.  August  31,  1903.     (o)  Falmouth  Observatory-Nobska  68°  ai',  Nobska-Nortons  Point  78°  49';  (fi) 

Falmouth  Observatory-Nobska  65°  05',  Nobska-Nortons  Point  80°  48';  (c)  Falmouth  Observa- 
toiy-Nobska  63°  38',  Nobska-Nortons  Point  85°  40';  13  fathoms;  stones  and  shells;  9-foot  beam 
trawl,  mud  bag. 

7758.  August  31,  1905.    (o)  Falmouth  Observatccy-Nobska  63°  00',  Nobska-Nortons  Point  69°  31';  (6) 

Falmouth  Observatory-Nobska  60°  37',  Nobska-Nortons  Point  67°  01';  (c)  Falmouth  Observa- 
tory-Nobska 58°  58',  Nobska-Nortons  Point  66°  oa';  13  fathoms;  stones  and  shells;  9-foot  beam 
trawl,  mud  bag. 

7759.  August  21,   1905,     (0)  Falmouth  Observatory-Nobska  53°  05',  Nobska-Nortons  Point  61°   15'; 

(b)  Nobska-West  Chop  65°  36'.  West  Chop-East  Chop  95"  40';  (c)  Nobska-West  Chop  55°  39', 
WestChop-East  Chop  105°  ss';  ji>S  fathoms;  sand  and  stones;  g-foot  beam  trawl,  mud  bag. 

7760.  August  31,  tgos-     (q)  Vineyard  Haven  Water 'Tower- West  Chop  61°  38',  West  Chop-East  Chop 

113"  11';  W  Nobska-West  Chop  30°  aS',  West  Chop-East  Chop  no"  37';  (c)  Nobska-West  Chop 
^7°  73',  West  Chop-East  Chop  108°  32';  &}4  fathoms;  pebbles  and  shells;  9-foot  beam  trawl, 
mud  bag. 
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Tj&i.  Auguit  31,  1905.  (o)  Nobtka-Vineyard  Haven  Water  Tower  71°  56'.  Vineyard  Haven  Water 
Tower-Eart  Cbc^  86°  46';  (6)  Nobska- Vineyard  Haven  Water  Tower  74°  aa',  Vineyard  Haven 
Water  Tower-EMt  Oiop  99°  41';  (c)  Nobaka- Vineyard  Haven  Water  Tower  76°  s«',  Vuteyard 
Haven  Water  Tower-East  Chop  111°  lo'i  7  fathoms;  sand  and  shells;  9-foot  beam  trawl,  mud 

7761.  August  31,  1905.  (d)  West  Chop-Vineyard  Haven  Water  Tower  78°  i^',  Vineyard  Haven  Water 
Tower-Eatt  Qbop  tjn"  50^;  (b)  East  Chop-West  Chop  139°  31',  West  Chop- Vineyard  Haven 
Water  Tower  8a°  13';  (c)  Eaat  Chop-West  Chop  131°  43',  West  Chop- Vineyard  Haven  Water 
Tower  93'  83';  <if)  East  Chop-West  Chop  114"  08',  West  Chop-Vineyard  Haven  Water  Tower 
100°  04';  4fatbonis;  mud  and  shells;  9-faot  beam  trawl,  mud  bag. 

7763.  August  ai,  1905.     (o)  Nobska-West  Chop  61°  01',  West  Chop-East  Chop  73°  18';  (b)  Nobska- West 

Chop  60"*  34',  West  Chop-East  Chop  78°  03';  (e)  Nobska-West  Chop  59°  36',  West  Cbop-Ewt 
Chop83''i4';  13  fathoms;  shells  and  pebbles;  9-footbeam  trawl,  mud  bag. 

7764.  August  31,  1905.    (a)  Nobska-West  Chop  71°  31',  West  Chop-East  Chop  45°  55';  (6)  Nobrica-West 

Chop  73°  38',  West  Chop-East  Chop  48°  46':  (c)  Nobska-West  Chop  74=  19',  West  Chop-East 
Chop  51°  10';  6  fathoms;  sand;  9-foot  beam  trawl,  mud  bag. 

7765.  August  31,  (905.    (b)  Nobska-West  Chop  81°  10',  West  Chop-East  Chop  55°  se'l  W  Nobska-West 

2hop  80°  53',  West  Chop-East  Chop  S9°  50';  (c)  Nobska-West  Chop  80°  41',  West  Chop-East 
Chop63''48'i  i3>i  fathoms;  rocky;  9-foot  beam  trawl,  mud  bag. 

7766.  Aug:u5t3i,  1905.     {a)  Nobska-Wett  Chop  74°  03',  West  Chop- East  Chop  31°  41';  (b)  Nobska-Weat 

Cl^P  75°  37'i  West  Chop-East  Chop  31'  ig';  (c)  Nobska-West  Chop  78°  13',  West  Chop-East 
Chop  33°  03';  sfa'iotns;  pebbles  and  sand;  9-foot  beam  trawl,  mud  bag. 

7767.  August  35,  1905.     [a)  Nobska-West  Chop  76°  ai',  West  Chop-East  Chop  36°  35';  (6)  Nobska-West 

Oiop  76°  31',  West  Chop-East  Chop  39°  33';  (e)  Nobska-West  Chop  76°  57',  West  Cbop-East 
Chop  41°  58';  10  to  4  fathoms;  sand  and  pebbles;  9-foot  beam  trawl  and  mud  bag. 

7768.  August  33,  1905.     (o)  Nobska-West  Chop  96°  45',  West  Chop-East  Chop  35°  47';  (6)  Nobska-West 

Chop  100°  32'.  West  Chop-East  Chop  36°  40*;  (■:)  Nobska-West  Chop  103"  19',  West  Chop-Eaat 
'3iDp37'' 13';  lofatboms:  stones;  9-footbeam  trawl,  mud  bag. 

7769.  August  33,  1905.     (0)  Nobska-West  Chop  93°  10',  West  Chop-East  Chop  38°  as':  (b)  Nobska-West 

Chop  95°  31',  West  Chop-East  Chop  38°  38';  (c)  Nobska-West  Chop  97'"  19',  West  Cbop-East 
Chop  aS°  IT*;  7  fathoms;  pebbles;  9-fbot  beam  trawl,  mud  bag. 

7770.  August33,  1905.     (0)  Nobska-WestChopio8''34'.  WestChop-EastChop37''53';  (i)  Nobska-West 

Chop  113°  47',  West  Chop-East  Chop  a8°  58';  (c)  Nobska-West  Chop  109°  4S'>  West  Chop-East 
Chop3<)°53';  10  to  la  fathoms;  sand  and  pebbles;  9-foot  beam  trawl  and  mud  bag. 

7771.  August33,  1905.     (a)  Nobska-WestChop  ia3°48',  WestChop-EastChop3D°  14';  (£>  Ncrf>ska-Weat 

Chop  104°  40',  West  Chop-East  Chop  30°  13';  7  fathoms;  sand  and  rocks;  9-foot  beam  trawl  and 
mud  bag. 
7^3.  August  23,  1905.  (o)  Nobska-West  Chop  115"  34',  West  Chop-East  Chop  19"  19';  (6)  Falmouth 
Water  Tower-Nobska  59°  07',  Nobska-West  Chop  118°  57';  (c)  East  Chop-Falmouth  Observa- 
tory iij"  48',  Falmouth  Obscrvatory-Nobska  101°  04';  6  to  8  fathoms:  sand  and  pebbles;  9-foot 
beam  trawl,  mud  bag, 

7773.  August  33,  1905.     (a)  East  Chop-Falmouth  Observatory  109°  4:',  Falmouth  Observatory-Nobaka 

93*  5a';  (6)  East  Chop-Falmouth  Observatory  106°  43',  Falmouth  Observatory-Nobska  89°  15', 
(e)  East  Oiop-Falmouth  Observatory  104°  46',  Falraouth  Observatory-Nobska  87°  30";  ii>i 
fathoms;  pebbles  and  (tones;  9-foot  beam  trawl,  mud  bag. 

7774.  August  33,  1905.    (a)  Falmouth  Water  Tower-Nobska  80°  58'.  Nobska-West  Chop  113°  11';  (ft) 

Falmouth  Water  Tower-Nobska  77"  03',  Nobska-West  Chop  133°  19';  (c)  Falmouth  Water 
Tower-Nobska  73°  45',  Nobska-West  Chop  130°  01';  7}^  fathoms;  pebbles;  9-foot  beam  trawl, 
mud  bag. 
7775-  August  33,  1905.  (o)  Falmouth  Observatory- Nobska  108°  00',  Nobska-Nortons  Point  87°  33'; 
(6)  Falmouth  Observatory-Nobska  103°  15',  Nobska-Nortons  Point  93°  00';  (e)  Falmouth 
Observatory-Nobska  96°  18',  Nobska-Nortons  Point  98°  44';  9  fathoms;  pebbles  and  stones; 
9-foot  beam  trawl,  mud  bag. 
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7776.  August  33,  1905.     (a)  Falmouth  Water  Tower-Nobska  lai"  11',  Nobska-Nortons  Point  43'  15'; 

(6)  Falmoutli  Water  Tower-Nobska  116°  56',  Nobska-Nortons  Point  50°  36';  (c)  Falmouth 
Water  Tower-Nobska  111°  54',  Nobska-Nortons  Point  58°  40';  i<l)  Falmouth  Water  Tower- 
Nobska  104"  14',  Nobska-Nortons  Point  70°  45';  S  to  7  fathoms;  stones  and  shells;  g-foot  b«am 
trawl,  mud  bag. 

7777.  August  j6,   1905.     (q)  Falmouth  Water  Tower-Nobska  49°  03',  Nobska-East  Chop  gi°  19';  (6) 

Falmouth  Water  Tower-Nobska  50°  32',  Nobska-East  Chop  90°  11';  (c)  Falmouth  Water  Tower- 
Nobska  53°  47',  Nobska-East  Chop  90°  02';  5;^  fathoms;  sand  and  pebbles;  9-foot  beam  trawl 
and  mud  bag. 

7778.  August  16,  1905.    (o)  Falmouth  water  tower-Nobska  59°  41',  Nobska-East  Chop  88°  4/;  (ft) 

Falmouth  water  tower-Nobska  63°  32'.  Nobska-East  Chop  86°  55';  (c)  Falmouth  water  tower- 
Nobska  66°  03',  Nobska-East  Chop  85°  10';  4  fathoms;  sand  and  pebbles;  9-foot  beam  trawl 
and  mud  bag. 

7779.  August  16,  1905.    (a)  Falmouth  water  tower-Nobska  46°  29',  Nobska-East  Chop  104°  11';  (6) 

Falmouth  water  tower-Nobska  50°  48',  Nobska-East  Chop  105°  oj';  (c)  Falmouth  water  tower- 
Nobska  54°  $2',  Nobska-East  Chop  104°  oS';  i9>i  fathoms;  sand;  9-foot  beam  trawl  tmd  mud 
bag. 

7780.  August  26,  1905.    (o)  Falmouth  water  toner-NobsIca  64°  oj',  Nobska-East  Chop  101°  »i';  (6) 

Falmouth  water  tower-Nobska  71°  51',  Nobska-East  Chop  98°  08';  (c)  Falmouth  water  tower- 
Nobska  So°  51',  Nobska-East  Chop  95°  18';  7>£ fathoms;  sand  and  pebbles;  9-foot  beam  trawl 
and  mud  bag. 

7781.  August  36,  1905.    (a)  Falmouth  water  tower-Nobska  95°  W,  Nobska-East  Chop  91°  00';  (ft) 

Falmouth  water  tower-Nobska  108°  03',  Nobska-East  Chop  86°  46';  (<:)  Falmouth  water  tower- 
Nobska  1*1°  43',  Nobska-East  Chop  8»°  13';  5  fathoms;  coarse  sand  and  pebbles;  9-foot  beam 
trawl  and  mud  bag. 

778a.  August  16,  1905.  (a)  Falmouth  water  tower-Nobska  60°  57^,  Nobska-East  Chop  113°  4/;  (b) 
Falmouth  water  tower-Nobska  66°  S9'>  Nobska-East  Chop  113°  11';  (c)  Falmouth  water  tower- 
Nobska  75°  59*,  Nobska-East  Chop  111°  51';  10  fathoms;  sand  and  pebbles;  9-faot  beam  trawl, 
mud  bag. 

7783.  August  36,  1905.  (a)  Falmouth  water  tower-Nobska  95°  53',  Nobska-East  Chop  106°  $</;  (6) 
Falmouth  water  tower-Nobska  ro5°  35^,  Nobska-East  Chop  103°  93';  (c)  Falmouth  water  tower- 
Nobska  121°  58',  Nobska-East  Chop  96°  43',  (d)  Falmouth  water  tower-Nobska  136°  41',  Nobeka- 
East  Chop  88°  4/;  («)  West  Chop-Falmouth  observatory  83°  38',  Falmouth  observatory- Fal- 
mouth water  tower  58°  12';  5  fathoms;  sand,  pebbles,  and  shells;  9-foot  beam  trawl,  mud  bag. 

The  following  Fish  Hawk  stations  of  1903  were  repeated  with  approximate  accuracy 
by  the  Fish  Hawk  and  Phaiarope  during  the  sutnmer  of  1904: 

75iibis.  July  14,  1904.    Nobska  NE  by  E,  yi  mile;  7}^  fathoms;  coarse  stones  and  sand;  34-inch 

scrape  dredge;  drift  SW  X  mile. 
7jiibi3.  July  14,  1904.     Nobska  N  >i'  W,  i  mile;  14^  fathoms;  sand  and  gravel;  7-foot  beam  trawl; 

drift  SW  }4  mile. 
7S33bis.  July  14,  1904.    Nobska  NNW,  if^  miles;  ii  fathoms;  stones  and  coarse  gravel;  7-foot  beam 

trawl,  34-inch  dredge;  drift  SW  X  mile. 
75i4bis.  July  14,   1904.     Nobska  NW  by  N  X  ^-  'X  miles;  10  fathoms;  small  stones;  7-foot  beam 

trawl,  34-inch  dredge;  drift  SW  H  mile. 
7535bis.  July  14,  1904.     Nobska  NNW  X  W,  2fi  miles;  10  fathoms;  sandy;  7-foot  beam  trawl,  34-inch 

scrape  dredge,  oyster  dredge;  drift  SWXi°'le. 
753obis.  September  3,  1904.     13  fathoms;  stones  and  shell  fragments;  scrape  dredge. 
7S3ibb.  September-  3,   :go4.     &yi  fathoms;  gravel  and  small  stones;  scrape  dredge. 
7533bis.  July  18,  1904.     West  Chop  ESE,  Tarpaulin  Cove  W  by  S  X  S;  9  fathoms;  mud  and  gravel; 

rake  dredge,  drift  SSW  X  mile. 
7533bia.  July  iS,  1904.     Tarpaulin  Cove  W  by  S,  West  Chop  E  by  S  K  S;  15  fathoms;  sand  and  gravel, 

rake  dredge;  drift  S  X  mite. 
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7534bis.  July  i8,  1904.    Tarpaulin  Cove  W  |i  S,  West  Chop  E  by  S;  Nobska  NE;  i»  Eathoms;  coarse 

gravel;  trairl;  drift SW^mile. 
753Sbis.  Juty  18,  1904.    Nobska  NNE,  Tarpaulin  Cove  W  by  N  X  N;  11  fathoms;  Etones  and  coaise 

gravel;  beam  trawl;  drift  SW  %  mile. 
7S36bia.  July  18,  1904.     Nobska  N  by  E  iV  E.  Tarpaulin  Cove  W  byN  KN;  i:."^  fattiotm;  coarse 

sand  and  shells;  beam  trawl,  13-inch  scrape  dredge;  drift  SW  Yi  mile. 
7537l>>s.  July  18,  1904.     Tarpaulin  Cove  W  by  S  li'  S,  West  Chop  E  by  S  ><  S;  4K  fathoms;  gravel 

and  mud;  rake  dredge;  drift  SW  by  S  ^  mile. 
7538bis.  September  6,  1904.  11  fathoms;  scrape  dredge. 
7539bis.  September  j,   1904.     xiyi  to  11  fathoms;  gravel  and  stones;  scrape  dredge.     (Very  scanty 

haul.) 
754ibia.  September  7.  1904.     ii>^  fathoms;  gravel  and  stones;  scrape  dredge. 
7S43bb.  September  7.  1904.    7X  fathoms;  sandy;  scrape  dredge. 
7S43bis.  July  ao,  :904.    Gay  Head  SW  yi  S,  Nobska  E  by  N  >^  N;  13  fathoms;  sandy  (?);  7-(oot  beam 

trawl;  drift  NE  yi  mile. 
7S44bi3.  July  20,  1904.    Tarpaulin  Cove  W  X  N,  Nobska  NE  by  E  >j  E;  13  fathoms;  rake  dredge; 

drift  NE  %  mile- 
754;bis.  July  to,  1904.    Nobska  NE  %  E,  Tarpaulin  Cove  NW  by  W  ^  W;  \i)4  faUioms;  sand  and 

gravel;  14-inch  scrape  dredge;  drift  NE  %  mile. 
7546bis.  July  10,  1904.    NobskaNEK  E,  Tarpaulin  CoveNWbyW^W;  lofathoma;  shell  fragments; 

oyster  dredge;  drift  NE  >i  mile. 
7547bis.  July  10,  1504.     Nobska  NE  K  N,  Tarpaulin  Cove  NW  %  W;  13  fathoms;  sand,  coarse  gravel, 

and  shell  fr^ments;  7-foat  beam  trawl,  oyster  dre<^,  scrape  dredge;  drift  NE  yi  S  ki  mile. 
7S49bis.  September  6,  1904.    11  fathoms;  small  stones;  scrape  dredge. 
755obis.  September  6,  1904.    17  fathoms;  stony;  scrape  drec^e. 

'755ibis.  September  6,  1904.     11  fathoms;  small  stones  and  mussel  shells;  scrape  dredge. 
755ibia.  September  7,  1904.     11  fathoms;  sand;  scrape  dredge. 
7553bis.  September  7,  1904.    S  fathoms;  scrape  dredge. 
75S4bis.  Septembery,  1904.    ii  fathoms;  mud  (?)  and  sand;  scrape  dredge. 
75S&bi3.  September7,  1904.    5^  fathoms;  coarsesand;  scrape  dredge. 
756ibis.  September  10,  1904.     4l^  fathoms;  sand;  scrape  dredge. 
7563bis.  September  lo,  1904.     7  fathoms;  coarse  sand;  scrape  dredge. 
7564bis.  September  10,  1904.     iz  fathoms;  muddy  sand  and  gravel;  scrape  dredge. 
7565bis.  September  10,  1904.    15  fathoms;  sandy;  scrape  dre^e. 
7569bis.  September  10,  1904.     sH  fathoms;  fine  sand;  scrape  dredge. 

PHALAROPB   STATIONS ." 

I.  July  6,  1904,     Vineyard  Sound  south  shore  of  Nonameaset  Island;  4'A  fathoms;  gravel;  ai-inch 

a.  July  6,  1904.    Vineyard  Sound,  south  shore  of  Nonamesset  Island;  6y;  fathoms;  sand  and  gravel; 
31-inch  dredge. 

3.  July  6,  1904.     Vineyard  Sound,  south  shore  of  Nonamesset  Island;  $yi  fathoms;  sandy;  31-inch 

4.  July  6,  1904.    Vineyard  Sound,  south  shore  of  Nonamesset  Island;  1  to  5  fathoms;  sandy;  13-inch 

dredge.    (Scanty  haul.) 

5.  July  8,  1904.     Vineyard  Sound,  south  shore  of  Naushon  Island;  8  to  10  fathoms,  stony;  ai-inch 

6.  July  8,  1904.     Vineyard  Sound,  south  shore  of  Naushon  Island;  10  to  9  fathoms,  stony  and  gravelly; 

la-inch  dredge. 

7.  July  8,  1904.    Vineyard  Sound,  south  shore  of  Naushon  Island;  6}4  fathoms;  stones  and  gravel; 

13-inch  dredge. 

8.  July  13,  1904.    5  to  4^  fathoms;  soft  mud,  hard  mud,  33-inch  dredge. 

9.  July  13, 1904.     5;^  to  a  fathoms;  hardsand;  31-inch  dredge. 

a  lacludini  aiao  Blue  Wing  mUwu,  M  ioditstcd. 
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10.  July  13,  1904.     loto  i4fatlioiiia:  hardsaiid,saiidaiidgTavel;  3 a-inch dredge. 

11.  July  13, 1904.  10  to  9  fathoma;  hardsand,  sand  and  rock;  aa-incb  dredge. 
13.  July  13, 1904.     13  fathoms;  hard  sand;  ii-inch  dredge. 

13.  July  15,  1904.     Vineyard  Sound,  shore  of  Naushon;  la  to  layi  fatlwnis;  gravel,  gravel  and  sand; 

3>-incb  dredge. 

14.  July  15,  1904.     Vineyard  Sound,  shore  of  Naushon;  s  to  6  fathoms;  stones  and  sand,  stone;  13-inch 

15.  July  15, 1904.    Vineyard  Sound,  shore  of  Naushon;  -jl/i  to  I'/i  fathoms;  stones;  ii-inch  dredge. 

16.  July  15,  1904.     Vineyard  Sound,  shore  of  Naushon;  4  to  5  fathoms;  stones  end  dand;  13-ineh 

[7.  July  19,  1904.     Tarpaulin  Cove;  aJi  to  4  fathoma;  ^and  and  gravel;  oyater  dredge. 

iS.  July  19,  1904.     Tarpaulin  Cove;  lyi  to  2}^  fathoms;  soft  mud  and  eelgrass;  oyster  dredge  and  m- 

inch  dredge. 
19.  July  19, 1904.    Tarpaulin  Cove;  4  to  3  fathoms;  mud,  sand;  3z-inch  dredge. 
30  (Blue  Wing).  July  »3,  1904.     Robinsons  Hole;  a>^  to  a  fathoms;  stony  with  manyalgs. 
»i  (Blue  Wing).  July  33,  1904.     Robinsons  Hole;  3  to  i}4  fathoms;  rocky  with  many  algK, 
23  (Blue  Wing).  July  33,  1904.     Robinsons  Hole;  3^^  fathoms;  gravel. 
33  (Blue  Wing).  July  33, 1904.    Robinsons  Hole;  3^  fathoms;  sandy. 
34.  Julya6,i904.    Southsideofpasque  Island;  5  to  j)^  fathoms;  hardsand. 
35-  July  a6,  1904.     South  side  of  Pasque  Island;  s  to  j  fathoms;  hard,  rocky. 

36.  July  36,  1904.     South  side  of  Pasque  Island;  6to6>^fathoms;  partly  soft  mud. 

37.  July  3S,  1904.    Quicks  Hole;  4  to  5  fathoms;  stony. 

38.  July  38,1904.    QuicksHole;  5  fathoms;  muddysand. 
19.  July  38, 1904.    Quicks  Hole;  3  fathoms;  sand. 

30.  July  18,  1904.     South  side  of  Naahawena.;  4  to  5  fathoms;  sb^y,  sandy. 

31.  July  3S,  1904.     South  aide  of  Nashawena;  4  to  4^  fathoms;  hard,  clean  sand. 
31.  July  30,  1904.    South  shc^e  of  Cuttyhunk  Island;  5  to  %}4 i»Xiionis;  stony. 

33.  July  30,  1904.    SouthshoreofCuttybunk  Island;  5  to  5X  fathoms;  gravel  and  hard  mud. 

34.  July  30,  1904.     SouthshoreofCuttyhunk  Island;  s>^  to 6 fathoms;  sandy. 

35.  August3,  1904.     Off  Sow  and  Pigs  Reef;  10  to  9  fathoms;  stones. 

36.  August  3,  1904.     Off  Sow  and  Pigs  Reef,  6>f  to  g  fathoms;  stony. 

37.  August  3. 1904.    Off  Sow  and  Pigs  Reef;  4^  to  5  fathoms;  stones,  sand. 

38.  August  3,  1904.    Off  Sow  and  Pigs  Reef;  4>^  fathoms;  stony. 

39.  August  4, 1904.    Middle  Ground;  7  to 3>^  fathoms;  cleansand. 

40.  August4,  1904.     Middle  Ground,  titojfathoms;  send  and  broken  shells. 

41.  August  4,  1904.  Middle  Ground;  3  to  4^  fathoms;  sand  and  broken  shells. 
43.  August4, 1904.  Middle  Ground;  jl^  to  6  fathoms;  sand  and  broken  shells. 
43.  August4, 1904.    Middle  Ground;  iX  bo  5  fathoms;  sand  and  broken  shells. 

44  (Blue  Wing).  August  9,  1904.     Near  Gay  Head;  2%  to  5  fathoms;  stony,  hard  sand;  si-inch  scrape 

.15  (Blue  Wing).  August  9,  r904.     Near  Gay  Head;  5  fathoms,  stony;  3t-inch  scrape  dredge. 

46  (Blue  Wing).  August  g,  1904.    Near  Gay  Head;  10  feet  to  ^yi  fathoms;  hard  sand;  13-inch  scrape 

dredge  and  tangle. 

47  (Blue  Wing).  August  9,  1904.    Near  Gay  Head;  8  to  13  feet;  rock,  sand;  13-inch  scrape  dredge  and 

48  (Blue  Wing).  Augustp,  1904.     NearGayHead;  sand;  3  3 -inch  scrape  dredge. 

49  (Blue  Wing).  August  9,  1904,     Near  Gay  Head;  sand;  sa-inch  scrape  dredge. 

50  (Blue  Wing).  August  9, 1904.    Near  Gay  Head;  sand,  33-inch  scrape  dredge. 

51.  August  9,  1904.  This  includes  several  haiUs,  about  alike  in  character,  done  with  16-inch  scrape 
dredge,  operated  from  a  skiff  close  to  shore,  i  to  ij^ fathoms;  sand.  Collections  were  also  made 
from  stones  and  from  piles,  between  tides. 

53.  August  II,  1904.     7  to  6>i  fathoms;  shelly  and  gravelly. 

53.  August  II,  1904.     5>^t0  5>i'fathoms,  shellyandsandy. 

54.  August  II,  1904.     1%  to  7  fathoms,  hard,  clean  sand. 
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;   Augustti,  1904.    7!^ to SX fathoms;  ckansand. 

i.  August  IS,  1904.    Near  Gay  Head;  7  to  lyi  fathoms;  gravel  and  sand, 

'.  August  15,  1904.     Near  Gay  Head;  5  to  9  fathoms;  sand  and  gravel. 

I.  August  i;,  1904.     Near  Gay  Head;  6;^  to  9>^  fathoms;  sand  and  gravel. 

I.  August  15,  1904.     NearGay  Head;  11  to  13  fathoms;  shell  bottom. 

1.  August  15,  1904.    Near  Gay  Head;  VA  to  t  fathoms;  sand  and  shells. 

:.  August  19,  1904.     s^  to  s  fathoms;  clean  sand. 

I.  August  19,  1904.     7  to  7  fathoms;  sandy  and  pebbly. 

;.  August  19,  1904.     7  to  6yi  fathoms;  sandy  and  pebbly. 

\.  August  34, 1904.    6}^  to  6  fathoms;  hard  sand. 

;.  August  14, 1904.    6  tosXfetho'^;  gravel. 

I.  August  94,  1904.     6to  7}^  fathoms;  sandy. 

.  August  14,  1904.     4^  to  i]4  fathoms;  sandy. 

I.  August  24,  1904.    6yi  to  S  fathoms;  sandy  and  shelly. 

i.  August  z6, 1904.    Vineyard  Haven;  2,yi  to  n'/i  fa.t\Kiitai;  rock  and  stones;  M-incb  scrape  dredge. 

>.  August  36,  1904.     Vineyard  Haven;  4  to  4  fathoms;  shelly  mud;  31-inch  scrape  dredge. 

.  August  16,  1904.     Vineyard  Haven;  3^^  to  ]|^  fathoms;  shells  and  mud;  oyster  dredge. 

\.  August  36, 1904.    Vineyard  Haven;  3  to  4  fathoms;  shells  and  mud;  oyster  dredge : 

;.  August  30.  1904.    5  to  2'/i  fathoms;  mud;  scrape  dredge. 

[.  August  30,  1904.    sK  to  S  fathoms;  sandy;  scrape  dredge. 

;.  August  30,  1904.    lyi  to  5>f  fathoms;  sandy  and  eelgrass;  scrape  dredge. 

i.  August  30,  1904.    7  to  8>f  fathoms;  sandy;  scrape  dredge. 

'.  August  30. 1904.    ^'/i  to  7  fathoms;  gravelly;  scrape  dredge. 

1.  July  6, 1905.    NorthsboreofNashanena,  at  western  end;  6to  j  fathoms;  sand  and  mud. 

I.  July  6,  1905.     North  shore  of  Nashawena;  sJf  to  SJ<  fathoms;  mud. 

1,  July6,i905.     North  shore  of  Nashawena;  6  to  5  fathoms;  sandy. 

:.  July  6, 1905.    Buzzards  Bay,  near  Quicks  Hole;  7  to  7  fathoms;  sandy. 

I.  JulyO.igos.     Shore  of  Pasque  Island  near  Quicks  Hole;  8  to  8^  fathoms;  sandy. 

|.  July  19,  1905.     Northshoreof  Pasque  Island;  5  to  7  fathoms,  sand. 

|.  July  13,  1905.     North  shore  of  Pasque  Island;  6'/i  to  7>^  fathoms;  sheila  and  mad. 

;.  July  13, 1905.    Robinsons  Ifole ;  5  to  6  fathoms;  sand  and  shells. 

).  July  II,  1905.    West  end  of  Nausbon;  5  to  6  fathoms;  sand, 

'.  July  IS.  1903.     Northwest  shore  of  Naushon;  3 J^  to  3  fathoms;  alg£,  stony. 

I.  July  15, [905.     Northwest  shore  of  Naushon;  3>i  fathoms;  cleansand. 

|.  July  IS,  1905.     Northwest  shore  of  Naushon;  3j4to  5  fathoms;  muddy  sand. 

).  July  15,  1905.    Northwest  shore  of  Naushon;  4^  to  4j^  fathoms;  cleansand. 

[.  July  15,  190$.     Northwest  shore  of  Naushon;  3>f  to  3  fathoms;  clean  gravel. 

I.  July  IS,  1905.     Northwest  shore  of  Naushon;  4^$'  to  5  fathoms;  sand. 

|.  July  IS,  1905.     Northwest  shore  of  Naushon;  7  to  8  fathoms;  sandy  mud. 

|.  July  [8, 1905.    Northwestshoreof  Naushon  Island;  3  to  6>^  fathoms;  sandymud. 

;.  July  iS,  1905.     Northwestshoreof  Naushon  Island;  4  fathoms;  mud  and  sand, 

i.  Julyi8,i90S.     Northwestemextremityof  Naushon  Island;  4  to  3  J^  fathoms;  clean,  coarse  sand. 

r.  July  18,  190S-    iH  to  sH  fathoms;  coarse  muddy  gravel. 

I.  July  18,  190s-    West  end  of  Uncatena  Island;  4  to  3^  fathoms;  muddy  sand. 

).  July  3o,  i9as.    Near  western  end  of  Cuttyhunk  Island;  3  to  3M  fathoms;  sand. 

>.  July  30,  1905.     Northwest  shore  of  Cuttyhunk  Island;  4  to  s  fathoms;  sandy  mud. 

[.  July  30,  1905.     Northwest  shore  of  Cuttyhunk  Island;  4  to  4J4  fathoms;  clean  sand 

t.  July  30,  1905.     Northwest  shore  of  Cuttyhunk  Island;  S  *<>  5  fathoms;  loose  sand. 

|.  July  30,  190S-     North  shore  of  Cuttyhunk  Island;  4  to  sl^  fathoms;  clean  sand. 

|.  July  90,  190S-     Cuttyhunk  Harbor;  3^  to  3  fathoms;  sand. 

;,  July  13,  1905.    Near  Weepecket  Islands;  6  to  6pi  fathoms;  clean  sand. 

>.  July  13,  1905.    Near  Weepecket  Islands;  6  to  6  fathoms,  clean  sand. 

^  July  31,  1905.    Near  Weepecket  Island);  5X  to  sK  fathoms;  mud  and  shelU. 

).  July  39, 1905.    Near  Weepecket  Islands;  4>i  to  5  fathoms;  sand  and  gravel. 
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I.  July  32,  1905.     Near  Weepecket  Islands;  6>i  to  7^  fathoms;  clean  sand. 

1.  July  »i,  1905-    Near  Weepecket  Islands;  sX  *"  7'/i  falhoms;  nmddy  gravel. 

.  July  35,  1905-     Sow  end  Pigs  Reef;  a}^  to  7  fathoms;  itones  and  pebbles;  scrape  dredge. 

.  July  25,  1905-     Western  end  of  Cuttyhunk  Island;  5  to  6  fathoms;  stones;  scrape  dredge. 

..  July  35,  1905.     Near  Penikese  Island;  7  to  S  fathoms;  sand  and  gravel;  scrape  dredge. 

..  July  25,  1905.     Near  Penikeae  Island;  7  to  7>i  fathoms;  sand;  scrape  dredge. 

.  July  15,  1905.    Near  Penikese  Island;  5  to  7  fathoms;  sand  and  gravel;  scrape  dredge. 

I.  July  35,  1905.    Near  Penikese  Island;  3)4  to  4  fathoms;  pebbles  and  sand;  scrape  dredge. 

.  July  37,  1905,     North  shore  of  Uncatena  Island;  3  to  4}^  fathoms;  pebbles  and  stones. 

I.  July  37,  1905-     East  of  Uncatena  Island;  7  to  5  fathoms;  sand  and  shells. 

I,  July  a7,  1905.     Hadley  Harbor;  3  to  4  fathoms;  mud  and  sand. 

>-  July  17,  1905.     Entrance  to  Hadley  Harbor;  5  to  4^  fathoms;  sand  and  mud. 

.  July  17,  1905.     Woods  Hole  passage;  4  to  4^  fathoms;  sand  and  stones. 

.  July  29,  T905.     Near  tip  of  Penzance  Point;  4  to  5  fathoms,  sand  and  gravel. 

..  July  29,  1905.    Near  Penzance  Point;  j  to  4  fathoms;  sand  and  gravel. 

..  July  29,  1905.    North  of  Penzance  Point;  4  to  4^  fathoms;  fine  sand  and  stones. 

,.  July  ag,  1905.     Bay  shore,  near  bathing  beach;  3  to  4X'  fathoms;  clean  sand. 

I.  July  29,  1905.     Near  entrance  to  Quisset  Harbor;  4  to  4^  fathoms;  shells  and  mud. 

.  August  3,  1905.     Quisset  Harbor;  3  to  i^  fathoms;  black  mud. 

1.  August  3,  1905,     Near  entrance  of  Quisset  Harbor;  4  to  5  fathoms;  rocks  and  gravel, 

I.  August  3,  1905.     North  of  Quisset  Harbor;  3  to  4>^  fathoms;  clean  sand. 

I.  August  3,  1905.    Near  Gunning  Point;  3}^  to  5  fathoms;  sand  and  gravel. 

.  August  3,  1905.     Near  Hamlin  Point;  3)4  to  3>i  fathoms;  stones  and  sand. 

.  August  5,  1905.     East  shore,  Buzzards  Bay;  4>i  to  5  fathoms;  sand  and  gravel. 

,.  August  5,  1905.     South  of  Hog  Island  Harbor;  5^  to  6  fathoms;  sand  and  gravel. 

,.  August  ;,  1905.     Near  entrance  of  Hog  Island  Harbor;  3X  to  4X  fathoms;  stones  and  many  algie. 

;,  August  5,  1905.     Entrance  of  Hog  Island  Harbor;  3>^  to  5  fathoms;  sand  and  pebbles. 

I.  August  5,  1905.     North  of  Hog  Island  Harbor;  3^  to  4>^  fathoms;  sand. 

.  Augusts,  I9°5-     Between  Hog  Island  Harbor  and  Wild  Harbor;  4t04^  fathoms;  stones  and  sand. 

I.  August  7,  1905.     South  of  Wild  Harbor;  5^^  to  6>f  fathoms;  clean  fine  sand. 

I.  August  7,  1905.     Wild  Harbor;  7  to  5^  fathoms;  clean  sand. 

I.  August  7,  1905.    Nyes  Neck;  5  to  7X  fathoms;  sand  and  shells. 

.  August  7,  1905.     Cataumet  Harbor;  3  to  4  fathoms;  sand  and  gravel. 

■.  August  7.  1905.     Cataumet  Harbor;  3  to  $yi  fathoms;  pebbles  and  stones. 

;.  August7,  1905.     Cataumet  Harbor;  4  to  6^  fathoms;  mnd. 

[.  August  9,  1905.    Off  Scraggy  Neck;  4?<  to  4j<  fathoms;  sand  and  sheila. 

;.  August  9,  1905. .  Shore  of  Scraggy  Neck;  4^  to  3>^  fatboms;  sand  and  shells. 

I.  August  9,  1905.     Between  Scraggy  Neck  and  Wenaumet  Neck;  3  to  4  fathoms;  fine  sand. 

■.  August  9,  1905,     Near  Wings  Neck  Light;  jyi  to  3^^  fathoms;  fine  gravel. 

I.  August  9,  1905.     Off  Wings  Neck  Light;  4  to  4  fathoms;  sand  and  shells. 

i.  August  9,  1905.     North  shore  of  Wenaumet  Neck;  5  to  3^  fathoms;  sand  and  shells. 

>.  August  tt,  1905-     North  shore  of  Wenaumet  Neck;  4^  to  a  fathoms;  fine  sand. 

.  August  II,  1905.     North  shore  of  Wenaumet  Neck;  a>^  to  ij<  fathoms;  muddy  sand. 

!.  August  ti,  1905.     Near  head  of  Buzzards  Bay;  1  to  a><  fathoms;  fine  sandy  mud. 

;.  August  II,  1905.     Off  Monument  Beach;  2  to  3^  fathoms;  fine  muddy  sand. 

;.  September  6,  1905.     Mouth  of  Weweantic  River;  la  feet;  soft  black  mud. 

;.  September  6,  1905.    Wareham  River;  14  feet;  soft  black  mud. 

i.  September  6,  1905.     Wareham  River;  15  feet;  soft  black  mud. 

'.  September  6,  1905.     Wareham  River;  15  feet;  soft  black  mud. 

I.  September  6,  1905.     Wareham  River;  15  feet;  shells. 

i.  August  27,  1907.     Off  Sippican  Neck;  3>^  fathoms;  black  sticky  mud,  few  shells;  33-inch  dredge; 

15  minutes. 
I.  August  27,  1907.    AucootCove;  4fatboius:  fine  sandy  mud;  23-inch  dredge;  15  minutes. 
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i6i.  August  37,  1907.     Mattapoiaett  Harbor;  3    fathoms;  black  mud;  13-iach    dredge;  repeated    with 
"scollop  dredge."    (Scanty  haul.) 

162.  August  37,  1907,    West  shore  of  West  Islands  5  to  s>f  fathoms;  mud,  slightly  sandy,  and  a  bttle 

fine  gravel;  la-inch  dredge;  15  minutes. 

163.  August  17,  1907.     End  of  Sconticut  Neck;  4  to  3!^  fathoms;  sandy  mud   and  stones;  13-inch 

dredge  and  "scollop  dredge." 

164.  August  37,  1907.    Below  New  Bedford  Harbor;  3  to  3^  fathoms;  black  mud  with  a  little  sand, 

few  stones,  and  shell  fragments;  aa-inch  dredge;  xo  minutes. 

165.  August  37,  1907.     Entrance  of  Clark  Cove;  3  fathoms;  mud,  shell  fragtnents,  and  stones;  as-inch 

i6£.  August  37, 1907.    Round  Hill  Point;  3  fathoms;  black  mud  and  sheils;  ii-inch  dredge. 
167.  August  aj,  1907.    Mishaiun  Point;  3^  fathoms;  shells  and  gravel;  a3-inch  dredge. 
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Chart  i8.— Tubularia  couchouyi. 
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Chart  j6.— Astrangia  danK. 

Upon  the  chart  for  this  coral,  and  those  for  the  shell -bearing  echinoderras  and  mollusks,  the  circles 
Burroimding  certain  stars  denote  that  living  specimens  were  recorded  from  the  stations  thus  designated. 
The  absence  of  a  circle  at  a  given  station  denotes  either  that  dead  remains  alone  were  recorded  or  that 
the  records  do  not  indicate  the  condition  of  the  specimens.  This  practice  has  not  been  followed 
except  in  the  case  of  shell-bearing  organisms.  For  others,  it  may  be  BiSsumed  that  the  records  nearly 
always  relate  to  living  specimens. 
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.Google 


BIOUXJICAI,  SURVBY  OP  WOODS  HOLE  AND  VldNITY. 


VINEYARD    SOUND 


BUZZARDS    BAY 
DISTRIBUTION  OF  SPECIES 


NEW   BEDFORD®' 


Chaxt  197. — AmofDuciutti  steUatum. 


.Google 


4i6 


BULLETIN  OP  THB   BUREAU   OP  PISHERIBS. 


VINEYARD    SOUND 
BUZZARDS    BAY 

SHOWINO 

DISTRIBUTION  OF  SPECIES 


NEW  BEIIFOBDffi\'l 


Chart  198. — Raja  erinacea. 


.Google 


BIOLOGICAI,  SURVEY  OF  WOODS  HOW  AND  VICINITY. 


CHAnr  or 

VINEYARD    SOUND 


BUZZARDS    BAY 

3  HOW  I  HO 

DISTRIBUTION  OP  SPECIE9 


NEW  BEDFORD® 


Chart  199. — Syngnatbus  fuscua. 
16160° — Bull,  31,  pt  I — 13 ij 


.Google 


4l8 


BULLETIN  OP  THE  BUREAU  OP  FISHERIES. 


VINEYARD    SOUND 
BUZZARDS    BAY 

SHOWIHO 

DISTRIBUTION  OF  SPECIES        \oi. 


Chaxt  300.— Anunodytu 


.Google 


BIOLOGICAL  SURVEY  OP  WOODS  HOLE  AND  VICINITY. 


CHART    OF 

VINEYARD    SOUND 


BUZZARDS    BAY 
DISTRIBUTION  OF  SPECIES     Vix 


NEW  BEDFORD®\^ 


Cbakt  30I. — Stenotonnu  ehrytapa. 


.Google 


BUUUBTIN  Of  THS  BURSAU  OP  PISHSRIBS. 


CHART  or 

VINEYARD  SOUND  -^£^ 

BUZZARDS   BAY  p*     \ 

SHOWINO  \\^    ^ 

DISTRIBUTION  OP  SPECIES  rV> 


Chakt  tot. — TmutO0>Iabnu  Bdsperaus. 


Digitized  by  CjOOQ  IC 


BIOLOGICAL  SURVEY  OP  WOODS  HOLE  AND  VICINITY.  421 


VINEYARD    SOUND 
BUZZARDS   BAY 

IHBWINO 

DISTRIBUTION  OF  SPECIES        V^'C    *    * 


NEW  BEbraitD^ 


Chart  303. — Spbcraides  mBculotna. 


.Google 


BULLBTIN  OP  THE  BUREAU  OF  PISHBRIBS. 


CHART    OF 

VrNEYARD    SOUND 


BUZZARDS    BAY 

SHOWIHS 

PISTRIBUTION  OP  SPECIES 


NEW  BEDFORD^' 


ChakT  304.— Myuzoccplialiis  senttia. 


.Google 


BIOUXJICAL  SURVBV  OF  WOODS  HOUB  AND  VICINITV. 


VINEYARD   SOUND 


BUZZARDS    BAY 

DISTRIBUTION  OF  SPECIES     \o^ 


NEW  BEDFORD®! 


Chart  305. — Monotus  carolinua. 
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Chakt  ati. — Temperature  thniughout  Buzurda  Bay  and  Vineyard  Sound,  August,  1907. 
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Chart  »i». — Temperature  thnni^iout  Biuzatds  Bay  and  VincyRrd  Sound,  November,  1907. 
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Chart  115. — Density  thnRighout  Buzzards  Bay  and  Vineyard  Sound.  August,  1907. 
16369°— Bull.  3''  Pt  I— 13 23 
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Chart  316. — Density  throughout  Buzzards  Bay  and  Vineyard  Sound,  Novembei',  1907. 
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Chart  317. — Density  thnnigliaut  Buzzards  Bay  and  Vmeyord  Sound,  Harch,  190S. 
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Chart  3i8. — Density  througlumt  Buzzards  Bay  and  Vineyard  Sound,  June,  1908. 
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Chakt  aao. — Surface  temperatiues,  north ivestem  Atlantic  Ocean,  during  January,  Febniary,  Marcb, 
and  April.  (Furaisbed  by  Hydrofraphic  Office,  United  States  Navy  Department,  from  com- 
pilation of  British  Meteorological  Office.) 
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CHiutT  331. — Sntface  temperatutcs,  northwestern  Atlantic  Ocean,  during  Hay,  June,  Juty,  and  August. 
^^I^IiShed  by  Hydiographic  OfBce,  United  States  Navy  Department,  fiom  compilation  of  British 
Meteorological  Office.) 
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Chart  *13. — Surface  tempcfatuns,  northwestern  Atlantic  Ocean,  during  September,  October,  Novem- 
ber, and  December.  (Fuinidied  by  Hydicgraphic  Office,  United  States  Navy  Department,  from 
compilation  of  British  Meteorological  Office.) 
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Cbart  233. — Cape  Cod  and  neighboring  areas  of  land  and  water,  showing  geographic 
and  hydrographic  features.  (Based  in  part  on  U.  S.  Coast  and  Geodetic  Survey 
chart  no.  1000.) 
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Section  1 1.— BOTANICAL. 

General  Characteristics  of  the  Algal  Vegetation  of  Buzzards  Bay  and  Vineyard 
Sound  in  the  Vicinity  of  Woods  Hole. 

By  Bradley  Hookb  Davis. 


Chapter  I.-INTRODUCnON. 

Ever  since  the  publication  of  Harvey's  "Nereis  Boreali- Americana,"  in  1852,  1857, 
it  has  been  recognized  that  the  marine  alga  of  the  Atlantic  coast  of  North  America 
were  separated  by  Cape  Cod  into  two  floras.  The  distinction  was  discussed  in  detail  in 
Farlow's  report  "The  Marine  Algse  of  New  England,"  1881,  and  in  his  earlier  "List  of 
the  Sea-weeds  or  Marine  Algse  of  the  South  Coast  of  New  England,"  1873.  The  work 
of  later  algologists  has  only  served  to  emphasize  the  fundamental  differences  between 
the  two  marine  floras,  and  the  results  of  this  survey  add  further  evidence  in  support  oi 
this  general  conclusion. 

Similar  conclusions  have  been  reached  by  zoologists  respecting  the  distribution  of 
marine  animals  north  and  south  of  Cape  Cod.  The  fauna  from  the  cape  northward  to 
Labrador  is  regarded  as  essentially  a  continuous  one,  with  no  changes  that  are  com- 
parable  to  those  which  appear  southward.  Two  faunas  separated  by  Cape  Cod  have 
thus  t>een  distinguished,  and  there  seems  to  be  a  difference  between  these  similar  to  that 
between  the  two  marine  floras.  The  most  important  reasons  for  the  difFerence  between 
the  faunas  and  floras  north  and  south  of  Cape  Cod  are  undoubtedly  the  same. 

The  marine  algte  north  of  Cape  Cod,  as  pointed  out  by  I^arlow  (1S81),  are  in  general 
a  part  and  continuation  of  the  flora  of  Greenland  and  Newfoundland.  Many  of  the 
most  characteristic  species  of  the  flora,  as  judged  quantitatively,  are  identical  with  those 
of  the  Scandinavian  coast,  and  it  seems  clear  that  the  algs  of  the  west  and  east  nde  of 
the  north  Atlantic  are  a  part  of  a  general  Atlantic  boreal  flora. 

The  reason  for  the  boreal  character  of  the  algal  flora  north  of  Cape  Cod  U  undoubt- 
edly the  low  range  of  temperature  which  prevails  even  through  the  warmer  months  of 
the  year.  The  coast  is  bathed  by  a  belt  of  cold  water  that  lies  between  the  coast  and 
theGulf  Stream,  this  belt  being  from  20010350  miles  broad  off  a  large  part  of  the  New 
England  coast,  although  theGulf  Stream  is  only  about  80  miles  from  Marthas  Vineyard 
and  Nantucket.  The  temperature  of  these  waters,  except  in  sheltered  situations,  only 
reaches  60°  F.  or  slightly  above  for  a  few  weeks  in  midsummer,  and  for  the  greater  part 
of  the  year  is  below  50°,  and  remains  below  40°  throughout  the  winter.  The  explanation 
of  this  condition  involves  a  number  of  factors,  which  are  discussed  in  section  i,  chapter 
It,  pages  35  and  51,  to  which  the  reader  is  referred  for  details.  The  most  important 
point  for  present  consideration  is  the  undisputed  fact  of  the  presence  of  a  belt  of  rela- 
tively cold  water  north  <rf  Cape  Cod,  lying  iKtween  the  Gulf  Stream  and  the  New 
England  shores,  which  directly  influences  the  algal  flora. 

The  marine  alga  south  of  Cape  Cod  may  be  grouped  into  what  Harvey  (1852,  p.  26) 
calls  the  flora  of  Long  Island  Sound,  extending  from  Cape  Cod  to  New  Jersey.    It  includes 
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a  large  number  of  species  not  found  at  all  north  of  Cape  Cod  and  some  that  have  been 
reported  only  in  a  few  sheltered  situations  where  the  temperature  of  the  summer  undoubt- 
edly rises  much  above  the  average  of  the  general  region.  It  comprises  certain  species 
which  are  present  in  the  north  Adriatic  and  other  parts  of  the  Mediterranean  and  some 
that  are  found  south  of  New  Jersey,  in  the  West  Indies,  and  in  other  warmer  seas.  The 
generally  sandy  character  of  the  coast  from  New  Jersey  southward  ser\es  to  separate 
the  flora  of  Long  Island  Sound  from  that  of  Key  West  and  the  West  Indies.  Certain 
spedes  that  are  typically  northern  or  arctic  in  their  habitats  are  found  all  the  year  round 
in  some  localities  south  of  Cape  Cod  where  the  conditions  are  sufficiently  favorable  for 
their  growth,  and  a  number  of  other  species  appear  in  the  winter  season.  However, 
the  algal  flora  of  the  summer  stands  in  sharp  contrast  to  that  north  of  Cape  Cod,  and 
resembles  in  many  respects  the  floras  of  warmer  seas,  although  a  number  of  important 
groups,  characteristic  of  such  regions,  are  not  represented  in  the  flora  of  Long  Island 
Sound. 

The  reasons  for  the  peculiarities  which  are  noticed  at  once  in  the  algal  flora  south 
of  Cape  Cod  are  in  general  quite  as  e\'ident  as  are  those  for  the  boreal  characteristics 
north  of  the  cape.  Cape  Cod  forms  a  barrier  which  holds  the  cold  waters  of  the  north 
somewhat  as  in  a  pocket  and  greatly  checks  their  mingling  directly  with  the  waters  of 
Nantucket  and  Vineyard  Sounds  to  the  south.  Nantucket  and  Marthas  Vineyard, 
together  with  various  shoals,  form  barriers  which  still  further  protect  these  sheltered 
sounds  from  the  cooler  water  which  lies  off  such  exposed  points  as  Gay  Head  and  No 
Mans  Land.  This  offshore  cooler  water  is  probably  an  extension  of  the.cold  belt  north 
of  Cape  Cod,  which  continues  southward  around  the  cape.  The  proximity  of  the  Gulf 
Stream,  which  lies  only  about  80  nautical  miles  off  the  coast  of  Nantucket,  is  also  a 
factor  of  considerable  importance.  While  the  Gulf  Stream  does  not  send  any  well- 
marked  side  currents  toward  the  coast,  it  must,  nevertheless,  greatly  modify  the  tem- 
perature of  the  water  which  lies  between  it  and  the  shore.  It  is  well  known  that  southerly 
storms  bring  surface  water  from  the  Gulf  Stream  toward  the  coast,  for  masses  of  gulf- 
weed,  Sargassum  baccifcrum,  with  animal  inhabitants  characteristic  of  sargasso  seas 
(such  as  the  nudibranch,  Scyllcea  pelagica,  certain  crabs,  Planes  minulas  and  Portunus 
sayi,  and  the  fish  Pterophryne  hisiorio)  are  not  infrequently  found  in  Vineyard  Sound 
and  other  bodies  of  water,  especially  where  tidal  currents  are  so  strong  as  to  bring  them 
near  to  land. 

The  waters  south  of  Cape  Cod,  embracing  such  bodies  as  Vineyard  Sound,  Buzzards 
Bay,  Narragansett  Bay,  Long  Island  Sound,  and  the  regions  that  lie  between,  are  then 
effectively  protected  from  the  influence  of  tha  cold  water  north  and  east  of  the  cape,  and 
consequently  are  able  to  become  relatively  warm  during  the  summer  months.  The  fact 
that  these  waters  are  generally  shallow  permits  them  to  respond  very  quickly  to  the 
atmospheric  changes  at  different  seasons  and  makes  possible  great  extremes  during  the 
year.  Their  temperature  in  the  winter  falls  close  to  freezing  point,  but  rises  in  the 
summer  to  70°  F.  and  above.  Some  of  the  most  sheltered  harbors  and  bays  may  even 
become  much  warmer  than  that  during  the  summer,  while  they  regularly  freeze  over  in 
the  winter.  Such  a  wide  range  of  temperature  throughout  the  year  permits  a  great 
variety  in  the  life  conditions,  which  is  expressed  by  sharp  seasonal  changes  in  the  char- 
acter of  the  flora.  It  is  the  high  temperature  of  the  summer  which  at  this  season  accounts 
for  the  development  of  the  characteristic  summer  algal  flora  with  its  resemblance  to  the 
floras  of  southern  seas. 
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Chapter  11— SOME  FACTORS  AFFECTING  THE  DISTRIBUTION  OF  ALGvE  AT 
WOODS  HOLE  AND  VICINiTY. 

1.  THE  COAST. 

The  shore  line  of  Woods  Hole,  of  the  Elizabeth  Islands,  and  of  neighboring  regions 
along  Vineyard  Sound  and  Buzzards  Bay  is  in  some  respects  remarkably  varied  (see 
chart  225),  but  lacks  certain  important  physical  features  present  in  other  localities. 
The  coast,  wherever  exposed  to  wave  action  or  tide  currents,  is  composed  of  bowlders 
and  stones  or  condsts  of  sandy  and  stony  beaches.  This  is  because  the  bowlders  and 
stones  have  remained  at  the  shore  line  as  the  finer  material  of  the  glacial  deposits  covering 
this  region  was  washed  away  by  the  erosion  of  the  coast.  The  sheltered  coves,  bays, 
and  harbors  will  generally  have  a  sandy  or  muddy  shore,  sometimes  gravelly,  with  scat- 
tered groups  of  stones  or  bowlders.  There  are  also  small  salt  marshes  connected  with 
some  of  the  coves,  as  at  Quisset  and  Hadley  Harbor.  There  are  no  outcroppings  of 
rock,  except  in  the  vicinity  of  New  Bedford  Harbor,  to  make  possible  perpendicular 
or  slanting  ledges  and  rock  pools.  An  account  of  the  geography  of  the  region,  together 
with  the  character  of  the  shores,  is  given  in  section  i,  chapter  11,  pages  28  and  29. 

For  the  reasons  stated  above  one  misses  some  of  the  very  characteristic  associa- 
tions  of  algse  which  may  be  noted  in  tide  pools  and  along  the  sides  of  rock  masses  where 
there  is  opportunity  for  the  development  of  conspicuous  bands  or  zones  of  vegetation 
between  tide  marks  and  below — associations  that  are  well  illustrated  in  such  localities 
as  Newport  and  at  Nahant,  near  Boston.  A  shore  of  bowlders  presents  a  broken  line 
at  the  water's  edge  which  can  not  show  to  full  advantage  the  distribution  of  algse  in 
zones.  There  are  good  illustrations  of  zonation  in  places,  but  they  are  on  a  comparatively 
small  scale  and  become  evident  only  as  groups  of  rocks  or  parts  of  the  shore  are  studied 
in  detail,  as  was  done  for  Spindle  Rocks  in  the  harbor  of  Woods  Hole,  to  be  described 
later  (pages  476-479).  Another  factor  that  works  against  the  conspicuous  zonation 
of  algse  in  this  region  is  the  relatively  small  tide,  whieh  does  not  give  much  opportunity 
for  the  development  of  broad  zones  of  differentiated  algal  growth. 

2.  THE  BOTTOM  IN  DEEPER  WATER. 

As  would  be  expected  in  an  area  of  glacial  drift,  the  bottom  offshore  and  in  the 
deeper  portions  of  Buzzards  Bay  and  Vineyard  Sound  may  consist  of  sand,  gravel,  or 
stones,  with  or  without  deposits  of  mud,  but  is  frequently  of  a  more  or  less  mixed  or 
spotted  character.  Channels  swept  by  swift  tides  are  likely  to  be  stony  and  sandy, 
while  sheltered  coves,  bays,  or  other  regions,  free  from  the  scouring  action  of  tidal 
currents,  usually  ha\e  a  muddy  bottom.  The  ledges  or  other  areas  composed  of  bowl- 
ders are  simply  pi'^  of  stones  heaped  together  where  they  were  laid  after  the  finer 
matrix  of  the  glacial  drift  had  been  washed  away.  The  muddy  bottoms  are  due  to 
deposits  of  silt  where  the  water  is  sufficiently  quiet  because  of  its  depth,  or  because  of 
the  absence  of  tidal  currents  or  wave  action  sufficiently  strong  to  prevent  the  accumu- 
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lation  and  settling  of  finer  material.  A  detailed  description  of  the  bottom  characters 
will  be  found  in  section  i,  chapter  ii,  pages  29-33,  ^"d  the  peculiarities  are  graphically 
presented  on  chart  227. 

The  luxuriance  and  to  a  large  extent  the  nature  of  the  algal  vegetation  depends 
upon  the  character  of  the  bottom.  Rocky,  stony,  and  shelly  bottoms  are  the  most 
favorable  for  the  attachment  of  algse  and,  in  general,  support  the  heaviest  growths  of 
marine  vegetation.  Sandy  and  muddy  bottoms  are  less  favorable  and  are  generally 
very  barren,  although  some  species  are  confined  to  such  situations.  It  is  clear  that 
the  shifting  nature  of  sand  and  mud,  frequently  stirred  by  tides  and  storms,  presents 
conditions  very  unfavorable  for  the  germination  of  algal  spores,  which  quickly  become 
covered  by  sediment.  Sandy  or  muddy  bottoms  are,  however,  apparently  necessary 
for  the  development  of  extensive  beds  of  the  eel  grass,  Zostera  marina. 

3.  THE  TIDES  AND  TIDAL  CURRENTS. 

As  stated  before,  the  tides  at  Woods  Hole  and  adjacent  portions  of  Buzzards  Bay 
and  Vineyard  Sound  are  of  relatively  slight  amplitude.  There  is  considerable  variation 
at  different  points  in  the  Bay  and  Sound  and  in  the  harbor  of  Woods  Hole,  due  to  the 
peculiarities  of  the  tidal  currents  in  the  region.  At  Woods  Hole,  on  the  Sound  side, 
and  in  Vineyard  Haven  the  average  tide  is  1.7  feet,  at  Gay  Head  it  is  3  feet,  in  Buzzards 
Bay  at  Woods  Hole  4.1  feet.  With  such  small  tides  it  is  clear  that  the  strip  along  the 
shore  habitable  for  a  littoral  algal  flora — that  is,  a  flora  above  the  lowest  tide  mark — could 
not  be  very  broad.  It  is  generally  only  a  few  feet  wide,  and  one  notices  at  once  in  this 
region  that  the  receding  tide  fails  to  expose  broad  stretches  of  rock,  sand,  or  mud  in  the 
manner  characteristic  of  the  coast  north  of  Cape  Cod,  where  the  tides  are  much  greater. 

The  arrangement  of  the  land  that  bounds  Vineyard  and  Nantucket  Sounds  is 
responsible  for  the  remarkable  tidal  currents  that  flow  east  and  west  in  Vineyard 
Sound,  and  in  and  out  of  Buzzards  Bay  through  the  channels  of  Woods  Hole,  Robin- 
sons Hole,  and  Quicks  Hole.  These  tidal  currents  must  be  very  effective  in  distribut- 
ing algal  spores,  and  it  seems  probable  that  the  rapidity  with  which  algal  vegetation 
springs  up  after  each  change  of  season  (as  over  areas  scraped  clear  by  floating  ice) 
must  be  due,  at  least  in  large  measure,  to  the  tidal  currents.  It  is  certain  that  any 
alga  which  develops  large  crops  of  spores  has  by  such  means  the  opportunity  of  dis- 
tributing these  very  rapidly  throughout  practically  all  of  the  waters  of  this  region. 
This  factor  must  be  of  considerable  importance  in  securing  the  almost  universal  presence 
of  some  species  that  can  grow  under  a  wide  range  of  life  conditions,  as  well  as  the 
appearance  of  others  at  distantly  separated  stations. 

4.  THE  EFFECT  OF  ICE. 

The  upper  portions  of  Buzzards  Bay  are  at  times  during  the  winter  more  or  less 
completely  frozen  over,  and  small  harbors,  such  as  Little  Harbor  at  Woods  Hole,  may 
have  a  thick  covering  of  ice.  Sheltered  portions  of  the  coast,  whi::h  are  not  exposed 
to  surf  or  stong  tidal  currents,  are  fringed  with  ice.  There  is  also  much  floating  ice  in  ■ 
the  Bay  and  Sound  consisting  of  large  cakes  which  come  from  the  breaking  up  of  larger 
masses.  This  floating  ice  is  swept  by  the  tides  back  and  forth  in  the  Bay  and  Sound 
and  through  such  channels  as  Woods  Hole. 
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The  movement  of  the  ice  along  the  shore  and  through  the  channels,  whether  due 
to  the  rise  and  fall  of  the  tide,  to  storms,  or  to  tidal  currents,  serves  to  scrape  bare  the 
large  stones  and  bowlders,  wherever  they  are  exposed,  so  that  they  are  frequently 
almost  or  entirely  free  from  algae  in  the  spring  when  the  ice  disappears.  These  effects 
are  particularly  evident  on  the  exposed  shore  line  of  the  upper  portion  of  Buzzards 
Bay  and  in  portions  of  Vineyard  Sound,  where  the  rocks  in  the  winter  are  not  only  bare 
of  algae,  but  also  at  times  free  from  the  common  barnacle  (Balanus  baianoides)  which 
covers  their  surfaces  in  the  summer.  This  action  of  the  ice  along  exposed  shores  and 
channels  thus  prevents  or  greatly  reduces  the  littoral  growth  during  the  winter,  when 
the  conditions  are  most  favorable  for  the  development  of  a  very  characteristic  flora, 
with  species  of  the  rockweeds  (FucaceK)  as  the  most  conspicuous  forms.  If  it  were 
not  for  these  facts  we  should  expect  in  the  winter  heavy  fringes  of  rockweeds  along  the 
shore,  for  these  grow  luxuriantly  where  they  are  not  exposed  to  the  scraping  of  the  ice, 
as,  for  example,  along  the  shore  of  Cuttyhunk  and  elsewhere  in  the  lower  portion  of 
Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound. 

The  scraping  effects  of  ice  on  a  particular  group  of  rocks  may  be  better  understood 
by  comparing  chart  267  of  Spindle  Rocks  with  chart  274  and  the  charts  that  show  the 
coming  in  of  the  spring  and  summer  floras  after  the  ice  has  disappeared  (charts  268, 269, 
and  270).  Rocks  which  are  perfectly  bare  after  the  winter  become  thickly  covered 
during  the  spring  and  summer  with  algs  characteristic  of  these  seasons. 

5.  UEPIH  OF  WATER. 

Buzzards  Bay  and  Vineyard  Sound  are  relatively  shallow  bodies  of  water.  As 
may  be  seen  from  chart  227,  at  only  a  few  stations  was  a  depth  greater  than  iSfathoms 
obtained.  There  were  a  numtier  of  stations  with  a  depth  between  14  and  17}^  fathoms, 
but  by  far  the  larger  number  in  the  middle  regions  c&  both  Bay  and  Sound  were  between 
8  and  14  fathoms.  The  Bay  in  general  gradually  deepens  toward  the  lower  portion, 
but  the  Sound,  on  the  contrary,  shows  no  marked  progresdve  deepening  toward  the 
western  end. 

The  depth  at  which  algse  will  grow  is  determined  chiefly  by  the  penetrating  power 
of  light  and  consequently  varies  in  different  seas  according  to  the  relative  amount  of 
sunshine  during  the  year  and  the  clearness  of  the  water.  Rosenvinge  (1S98,  p.  233) 
places  20  fathoms  as  about  the  limit  of  growth  for  algse  in  northern  seas  where,  how- 
ever, the  proportion  of  cloudy  and  foggy  days  is  very  large.  Bdrgesen  (1905,  p.  700) 
found  the  Umit  of  growth  around  the  Faroes  to  be  between  25  and  30  fathoms.  In 
southern  seas,  where  there  is  a  very  large  proportion  of  suimy  days  and  more  direct 
penetration  of  the  sun's  rays,  as  in  the  Bay  of  Naples  and  off  the  Balearic  Islands  (Rod- 
riguez 1888)  in  the  Mediterranean,  deep-water  algs  have  been  reported  to  grow  at  50 
to  100  fathoms.  Most  of  the  species  at  these  great  depths  belong  to  the  RbodophyceEe, 
but  there  are  many  of  the  Phaeophycex  in  water  deeper  than  50  fathoms,  and  several 
species  of  the  Chlorophyceae  are  found  at  20  to  60  fathoms. 

With  respect  to  the  amount  of  sunlight  during  the  year  Woods  Hole  probably  stands 
somewhat  midway  between  the  conditions  over  northern  seas  and  those  of  the  south. 
It  certainly  has  both  in  winter  and  summer  a  large  proportion  of  fair  and  sunny  days. 
Consequently  there  are  no  parts  of  either  Buzzards  Bay  or  Vineyard  Sound  included  in 
the  limits  of  the  survey  that  are  too  deep  for  certain  algse.    The  dredgings  of  the  Survey 
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at  the  deepest  stations  have  shown  abundant  growths  of  algfe  wherever  the  bottom  was 
suitable,  but  two  of  the  deepest  stations  in  the  westerly  portion  of  Vineyard  Sound  (7682 
and  7683,  19  and  igj^  fathoms,  respectively)  were  over  a  sandy  bottom  unfavorable  for 
the  attachment  of  algae.  Station  7670  (19  fathoms),  in  Buzzards  Bay  west  of  the  island 
of  Penikese,  showed  a  stony  bottom  with  many  plants  of  Laminaria  Agardkii  var.  viltata, 
and  in  small  quantity  Champia  parvula,  Ckondms  crispus,  Ceramium  rubrum,  Grinnellia 
americana,  Polysiphonia  urceoiala,  and  Rhodymenia  palmaia. 

6.  LIGHT. 

As  stated  above,  the  depth  to  which  certain  algse  may  descend  depends  upon  the 
penetration  of  light.  The  factor  that  determines  the  lowest  limits  of  algal  life  is  not 
depth  of  water  but  absence  of  light. 

The  Cyanophyceae,  or  blue  green  algse,  and  the  Chlorophyceae,  or  green  algfe, 
require  the  greatest  illumination  and  are  rarely,  if  ever,  found  at  Woods  Hole  and  vicinity 
in  water  more  than  2  or  3  fathoms  deep,  but  are  for  the  most  part  near  the  surface  or 
between  tide  marks.  The  Rhodophyceae,  or  red  alg»,  reach  the  lowest  depths,  although 
many  species  grow  near  low-water  mark  and  some  even  above  it.  The  Phteophyceae, 
or  brown  algae,  are  somewhat  midway  between  the  green  and  the  red  algae  in  their  light 
relations.  Some  species  of  the  brown  algae  grow  at  low-water  mark  and  above,  but 
many  grow  below  low  water  and  to  a  considerable  depth;  few,  however,  are  found  at 
the  greater  depths  of  the  red  algae.  There  are  apparently  no  regions  in  Buzzards  Bay 
and  Vineyard  Sound  too  deep  for  certain  species  of  brown  ^gae,  for  Desmarestia  aculeata, 
Laminarvi  Agardkii,  and  Laminaria  Agardhii  var.  vitlala  were  found  between  17  and 
19  fathoms.  The  list  of  red  algae  present  at  these  depths  (17  to  19  fathoms)  is,  how- 
ever, much  longer:  Ckampia  parvula,  Chondrus  crispus,  Cystoclonium  purpurascens  var, 
cirrkosum,  Delesseria  sinuosa,  Grinnellia  americana,  Phyllophora  Brodixi,  Phyllophora 
membranifolia,  Plumaria  elegans,  Polysiphonia  elongaia,  Polysiphonia  urceoiala,  Rhody- 
menia  palmaia,  Spermothamnion  Turneri. 

There  is  therefore  in  a  broad  sense  a  distribution  of  algae  in  zones  depending  upon 
light  relations,  the  blue-green  and  green  algae  growing  under  the  brightest  illumination, 
the  brown  alga  requiring  on  the  whole  less  light,  and  the  red  algae  able  to  flourish  under 
the  weakest  illumination.  It  must  constantly  be  borne  in  mind,  however,  that  there  is 
always  an  overlapping  in  the  habitat  of  species  among  these  groups,  many  bron-n  and  red 
algae  growing  side  by  side  and  even  with  the  green  alga  under  very  bright  illumination. 

It  is  a  matter  of  dispute  whether  the  life  habits  of  marine  algx  with  respect  to  illu- 
mination are  influenced  chiefly  by  the  quality  of  the  light  or  by  the  quantity.  The  red 
rays  of  sunlight,  it  is  claimed,  can  not  penetrate  much  below  7  fathoms,  and  the  light 
at  greater  depths  is  mainly  composed  of  blue  and  green  rays,  is  feeble  in  yellow,  and 
lacks  red  rays  entirely.  Certain  investigators,  notably  Engelmann  (1883,  18S4)  and 
Gaidukov  (1902,  1904,  1906),  hold  that  the  quality  of  the  light  rather  than  its  intensity 
determines  the  distribution  of  the  green,  brown,  and  red  algK.  According  to  this  view 
the  green  algte  grow  under  bright  illumination  because  they  require  the  maximum  of 
red  rays,  while  the  red  algae  are  able  to  live  in  deep  water  because  their  color  allows 
them  to  absorb  the  green  rays  which  they  especially  ne  d.  The  broivn  algae  in 
general  adjust  themselves  to  hght  conditions  intermediate  be. ween  these  extremes.  It 
is  well  known  that  a  number  of  the  Rhodophyceae  which  grow  near  the  surface  of  the 
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water  are  colored,  not  the  characteristic  red  of  this  group,  but  shades  of  brown  and 
green;  for  example,  the  Irish  moss,  Ckondrus  crispus,  is  frequently  green  under  bright 
illumination  in  the  summer  at  Woods  Hole.  Furthermore,  Nadson  (1900)  has  shown 
that  certain  spedes  of  the  Cyanophyceae  and  Chlorophycese,  which  are  green  near  the 
surface,  take  on  reddish  colors  in  deep  water. 

These  conclusions  that  the  colors  of  algae  depend  upon  the  quality  of  the  light  are 
opposed  to  views  held  by  Berthold  (1882),  Oltmanns  (1S92),  and  others  who  have  con- 
sidered the  Rhodophyceje  to  be  merely  shade  plants,  the  distribution  of  which  was  deter- 
mined by  the  quantity  of  light.  They  have  made  much  of  the  fact  that  in  dimly  lighted 
caves  and  shaded  situations  red  algae,  which  usually  grow  at  some  depth,  are  found  very 
near  the  surface;  but  it  should  be  borne  in  mind,  as  BSrgesen  (1905,  pp.  702,  703)  points 
out,  that  while  these  alga;  receive  a  much  weaker  white  light  in  these  caves,  they  may 
have  the  benefit  of  much  blue  and  green  reflected  light. 

Gaidukov  (igoa,  1906),  in  a  series  of  interesting  experiments,  has  shown  that  certain 
algae  (species  of  Oscillaloria,  Phormidium,  and  Porphyra)  take  on  complementary  colors 
when  subjected  to  pure  rays  from  a  spectrum,  becoming,  for  example,  green  under  red 
and  yellow  light  and  red  or  purplish  under  green  or  blue  light.  This  phenomenon,  called 
complementary  chromatic  adaptation,  is  shown  only  by  living  plants  and  is  believed  to 
involve  chaises  in  the  structure  of  the  pigments.  The  reason  why  green  algae  can  not 
live  in  deep  water  is  clear,  dnce  the  red  rays  upon  which  they  depend  are  not  there 
present.  The  red  algs,  on  the  contrary,  may  live  at  the  surface  as  well  as  at  depths 
below  the  penetration  of  red  rays,  but  at  the  surface  they  meet  the  competition  with 
green  algae  from  which  they  are  free  in  deep  water. 

However,  it  can  not  be  said  that  all  of  the  phenomena  are  clearly  explained  by  the 
hypothesis  of  chromatic  adaptation  held  by  £ngelmann  and  Gaidukov.  Thus,  Rodriguez 
(i  888)  reports  the  following  Chlorophyceae  oft  the  Balearic  Islands  at  much  greater  depths 
than  would  be  expected  for  any  of  the  green  algae:  PalmopkyUum  orbicviaris  Thuret, 
130  meters;  Cladopkora  peltvcida  KfltzJng,  40  meters;  Codium  lomentosum  Agardh,  48 
meters;  C.tomeniosumv^r.elongatum,  go  to  100  meters;  UdoleaDesjotilainiiOecaisae,  120 
meters;  and  somewhat  similar  records  are  known  for  certain  of  the  Chlorophyceae  in  the 
Gulf  of  Naples. 

7.  TEMPERATURE  AND  SEASONAL  CHANGE& 

The  temperature  tA  the  water,  the  depth,  and  the  character  of  the  bottom  are  the 
chief  factors  in  detemumng  the  distribution  of  the  algx  in  the  region  covered  by  the 
survey.  The  influence  of  temperature  must  be  of  fundamental  importance  where  the 
seasonal  extremes  are  as  great  as  those  of  the  summer  and  winter  at  Woods  Hole.  The 
conditions  in  the  winter  would  admit  a  rich  northern  or  boreal  algal  flora  at  Woods 
Hole  were  it  possible  for  the  species  to  reach  this  sheltered  situation  by  traveling  around 
Cape  Cod  and  to  survive  the  warm  summer.  As  it  is,  a  number  of  northern  species  do 
grow  at  Woods  Hole  in  the  favorable  winter  and  spring  seasons  and  some  are  able  to 
vegetate  through  the  summer.  In  striking  contrast  with  the  winter's  cold  is  the  summer 
temperature,  which  is  so  high  that  it  can  support  a  flora  with  many  points  <rf  resem- 
blance to  the  floras  of  warmer  seas.  The  subject  of  temperature  receives  condderable 
attention  in  section  i,  chapter  11,  pages  38-52,  where  the  detailed  records  of  the  Survey 
16369°— Bull.  3'.  P'  '—"3 '9 
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are  presented  in  a  series  of  tables,  and  likewise  on  charts  211  to  214,  giving  the 
location  of  the  stations. 

The  average  monthly  temperature  of  the  water  off  the  Government  wharf  in  Great 
Harbor,  Woods  Hole,  for  the  years  1902-1906  (five  years)  is  given  in  table  10,  page 
47,  and  ,the  seasonal  changes  are  portrayed  graphically  in  chart  219.  It  will  be  seen 
that  during  January,  February,  and  March  the  mean  temperature  was  below  35°  F. 
The  period  when  the  temperature  was  below  35°  actually  extended  from  about 
December  25  to  March  15,  and  this  may  be  considered  the  winter  season.  After  March 
15  the  temperature  rose  rapidly,  pas^g  60°  about  Jmie  i;  this  constitutes  a  spring 
season.  Between  June  i  and  October  13  the  temperature  remained  above  60°,  holding 
between  69°  and  71°  from  July  11  to  August  28,  a  period  of  48  days;  this  is  the  long 
summer  season  <^  warm  water.  After  October  12  the  temperature  fell  rapidly  from  60°, 
until  December  11,  when  it  reached  37",  and  it  remained  between  37°  and  35°  until 
December  26,  when  it  passed  below  35°;  this  period  may  be  considered  the  autumn 
season.  A  table  of  averages  such  as  that  of  table  10  does  not  give  the  extremes  of 
temperature,  the  lowest  of  which  was  28^°  in  January  and  February,  and  the  highest 
74"  in  July  and  74.5°  in  August.  It  should  also  be  remembered  that  the  extremes  are 
much  greater  in  situations  more  sheltered  than  Great  Harbor,  Woods  Hole,  as,  for 
example,  in  the  upper  portions  of  Buzzards  Bay,  where  the  water  maybe  heavily  frozen 
for  several  weeks  and  the  summer  temperature  probably  rises  close  to  80°. 

It  is  very  important  to  contrast  the  seasonal  range  of  temperature  at  Woods  Hole 
with  that  of  the  bottom  water  between  Gay  Head  and  the  ledges  of  Sow  and  Pigs,  for 
in  this  region  of  the  survey  the  range  of  temperature  is  the  least.  On  Ai^ust  16,  1907, 
the  bottom  temperature  off  Gay  Head  was  57.2"  F.  (16K  fathoms)  and  59.2°  {iiH 
fathoms),  off  Sow  and  Pigs  60.1°  (10^  fathoms),  and  in  Vineyard  Sound  between  these 
two  points  55*"  (17K  fathoms) ;  the  surface  temperature  at  these  stations  was  from  3°  to 
5"  higher.  On  November  12,  1907,  the  bottom  temperature  off  Gay  Head  was  51.9° 
(10^  fathoms),  off  Sow  and  Pigs  also  51.9°  (8  fathoms),  and  in  Vineyard  Sound  between 
these  points  52°  (18  fathoms);  the  surface  temperature  at  these  points  was  about  1° 
lower.  On  March  30, 1908,  the  bottom  temperature  off  Gay  Head  was  36.6°  (8  fathoms), 
off  SoW  and  Pigs  36.6°  (5  fathoms),  and  in  Vineyard  Sound  between  these  two  points 
37.4°  (18  fathoms);  the  surface  temperatures  being  almost  the  same.  On  June  6,  1908, 
the  bottom  temperature  off  Gay  Head  was  57.6°  (i2J^  fathoms),  off  Sow  and  Pigs  55.1*" 
i7H  fathoms),  and  on  June  5  in  Vineyard  Sound  between  these  two  points  53.3°  (18 
fathoms) ;  the  surface  temperature  at  these  points  was  then  from  i  °  to  3°  higher.  These 
data  are  presented  in  tabular  form  below,  the  surface  temperature  being  given  above 
the  line  and  the  bottom  temperature  below. 
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These  records  of  the  bottom  temperature  between  Gay  Head  and  the  ledges  of  Sow 
and  Pigs  indicate  that  the  average  range  is  from  below  35°  in  the  winter  to  about  60° 
in  the  summer.  The  bottom  temperature  probably  does  not  fall  to  the  lowest  winter 
tempemture  of  the  sheltered  waters  of  the  Bay  and  Sound  and  does  not  rise  to  within 
15°  of  the  highest  summer  temperatures  in  such  situations;  the  total  range  is  close  to 
26°.  The  surface  temperature  between  Gay  Head  and  the  ledges  of  Sow  and  Pigs  is  at 
times  in  the  summer  4°  to  5°  higher  than  the  bottom  temperature,  and  in  the  winter 
probably  somewhat  lower;  the  total  range  is  close  to  32°.  The  seasonal  range  in  Great 
Harbor,  Woods  Hole,  is  about  46",  and  it  must  be  more  than  50°  in  the  upper  portions 
of  Buzzards  Bay. 

The  causes  of  these  very  different  conditions  are  not  difficult  to  imderstand.  The 
great  range  of  temperature  in  the  sheltered  waters  oi  the  Bay  and  Soimd  is  ^mply  the 
result  of  summer  and  winter  atmospheric  temperatures  acting  on  bodies  of  crater  suffi- 
ciently shallow  to  respond  very  quickly  to  their  influences.  Tables  9  and  10  (pp.  46- 
47),  giving  the  average  monthly  range  of  the  temperatures  of  both  air  and  water  at 
Woods  Hole  over  a  five-year  period,  make  clear  the  relationship,  also  shown  on  chart 
219.  The  small  range  of  the  temperature  of  the  bottom  water  between  Gay  Head  and 
the  Sow  and  Pigs,  together  with  the  greater  range  of  the  surface  water,  shows  the  effect 
,  of  proximity  to  the  deeper  cold  water  of  the  open  sea,  water  which,  as  stated  before, 
appears  to  be  an  extension  of  the  cold  belt  north  of  Cape  Cod. 

It  is  dear  from  the  above  statements  of  the  seasonal  ranges  of  temperature  in  the 
two  extremes  of  the  conditions  presented  within  the  limits  of  the  Survey  (first,  the 
bottom  temperatures  off  Gay  Head  and  Sow  and  Pigs;  second,  the  temperatures  of  shel- 
tered waters  of  the  Bay  and  Sound)  that  several  very  different  types  of  floras  would  be 
expected,  and  this  is  the  case.  The  uniformly  cool  bottom  water  of  Gay  Head  and  the  Sow 
and  Pigs  (generally  below  60°)  admits  of  the  development  of  a  flora  with  a  number  of 
species  characteristic  of  northern  waters.  This  flora  is  restricted  to  the  lower  portion  of 
Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound  and  is  distinguished  by  the 
presence  of  the  following  species  which  are  never  found  (at  least  during  the  summer) 
in  the  more  sheltered  regions  of  the  Bay  and  Sound:  Chaiomarpha  melagonium,  Lami- 
naria  digitata,  Plumaria  elegans,  Rhodomela  svbfusca,  Actinococcus  peltaformis.  Gym- 
nogongrus  norvegicus,  Eulhora  cristata,  Lotneniaria  rosea,  Rhodymenta  palmaia,  Deles- 
seria  sinvosa.  It  would  be  very  interesting  to  know  whether  other  northerly  species 
may  not  be  present  during  the  winter  and  spring  and  whether  this  cold-water  flora 
extends  its  range  during  the  winter  into  more  sheltered  portions  of  the  Bay  and  Sound, 
but  we  have  made  no  dredgings  for  algse  off  Gay  Head  in  the  winter  and  know  nothing 
of  the  deep-water  flora  of  that  season. 

The  seasonal  extremes  in  the  sheltered  portions  of  Buzzards  Bay  and  Vineyard 
Sound,  as  would  be  expected,  give  at  least  two  distinct  seasonal  floras,  (i)  that  of  the 
winter  and  early  spring,  and  (2)  that  of  midsummer  and  the  early  autumn.  Some  species 
are  found  all  the  year  round,  but  they  are  generally  much  more  luxuriant  at  one  season 
than  at  the  other.  Many  of  the  species  are  limited  to  a  season  of  perhaps  two  or  three 
months  and  are  never  found  at  other  times.  It  is  not  at  present  possible  to  discuss  sat- 
isfactorily the  seasonal  habits  of  the  algae  at  Woods  Hole,  for  they  have  been  very  little 
studied  during  the  winter,  but  such  data  as  are  known  are  included  in  the  Catalogue. 
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The  study  of  Spindle  Rocks  (pages  476-4.79)  has  shown  in  a  rather  surprising  way  the 
degree  of  change  which  takes  place  on  a  small  mass  of  rocks  over  a  12-month  period. 

The  northerly  species  which  would  be  most  likely  to  invade  the  Bay  and  Sound  dur- 
ing th^  favorable  winter  season  would  be  forms  that  reproduce  rapidly  through  large 
crops  of  spores  and  mature  so  quickly  that  several  generations  may  develop  during  the 
season.  The  tidal  currents  of  the  region  would  serve  to  distribute  such  species  very 
widely,  even  though  the  favorable  season  might  be  short. 

8.  SAUNITY  OF  THE  WATER. 

There  are  no  fresh-water  streams  of  importance  in  the  immediate  vicinity  of  Woods 
Hole  to  afiect  markedly  the  salinity  of  its  waters,  which  are  not  much  less  dense  than 
the  open  sea,  having  an  average  density  of  about  i  .024  (the  den^ty  of  water  in  the  north 
Atlantic  being  from  1.027  to  1.028).  In  the  westerly  portion  of  Vineyard  Sound  and 
lower  portion  of  Buzzards  Bay  the  density  is  somewhat  greater,  having  been  found  at 
one  point  as  high  as  1.0243  (November,  1907).  In  the  extreme  upper  portion  of  Buz- 
zards Bay  the  density  is  conaderably  less  than  at  Woods  Hole,  having  been  recorded 
as  low  as  1.0212  (March,  1908).  Details  of  the  observations  on  density  made  by  the 
survey  are  presented  in  section  i,  chapter  ii,  pages  52-54, 

The  lower  density  of  the  upper  portion  of  Buzzards  Bay  is  evidently  due  to  the 
proximity  of  a  number  of  small  streams  that  empty  into  the  head  of  the  Bay,  but  these 
are  too  far  removed  from  Woods  Hole  to  influence  materially  the  salinity  of  the  water 
at  that  point.  The  swift  tidal  currents  of  Vineyard  Sound  keep  its  waters  fairly  uniform 
in  den^ty.  It  is  not  probable  that  density  is  a  factor  of  importance  in  determining  the 
distribution  of  algs  in  the  deeper  waters  of  the  Bay  and  Sound,  and  it  certainly  is  not 
to  be  compared  with  the  two  chief  factors  of  temperature  and  the  character  of  the  bottom. 

The  only  bodies  of  brackish  water  in  the  immediate  vicinity  of  Woods  Hole  are 
those  of  small  ponds  or  areas  of  salt  marsh  which  are  connected  with  the  sea  by  channels 
and  rendered  saline  in  various  degrees  by  the  inflow  of  tides  or  during  storms.  Such 
brackish  waters  support  characteristic  floras  totally  unlike  those  of  the  Bay  and  Sound 
proper,  well  illustrated  by  the  Lyngbya  salt-marsh  assodatimi  and  the  EtUeromorpha 
salt-marsh  association  (see  pf^  4S6). 
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Chapter  III.    CHARACTERISTIC  ALGAL  ASSOCIATIONS  AND  FORMATIONS  AT 
WOODS  HOLE  AND  IN  BUZZARDS  BAY  AND  VINEYARD  SOUND. 

As  stated  in  the  preceding  pages,  the  life  habits  and  distribution  of  marine  aigs 
are  affected  by  a  number  of  factors,  the  most  important  of  which  are  temperature, 
light,  depth,  character  of  the  bottom,  and  salinity  of  the  water.  Some  or  all  of  these  - 
factors,  and  in  special  Cffees  others  as  well,  determine,  as  a  rule,  the  habitats  and  sea- 
sons of  the  different  species.  As  a  result,  various  algae  are  frequently  found  to  be 
characteristic  of  particular  situations,  where  they  constitute  groups  or  formations 
of  species. 

J.  G.  Agardh  (1836)  was  the  first  to  describe  regions  of  algal  vegetation,  recog- 
nizing on  the  Scandinavian  coasts  the  presence  of  a  zone  characterized  by  green  algse 
(Regnuvi  Algarum  Zoaspermarum),  a  zone  of  brown  algse  {Regnitm  Algarum  Oliva- 
cearum),  and  a  zone  of  red  algae  {Regnum  Algarum  Ftoridearum).  Other  authors  have 
attempted  dmilar,  but  more  elaborate,  divisions  of  the  algal  flora  into  regions  and 
zones,  but  none  have  been  very  satisfactory  for  the  reason  that  the  brown  and  red 
algEe  have  spedes  which  range  far  out^de  the  depth  or  zone  which  is  in  general  most 
characteristic  of  their  class. 

It  later  became  apparent  that  the  algx  must  be  split  into  smaller  assemblages 
than  the  zones  of  green,  brown,  and  red  algae,  and  Kjellman  (1877  and  1878),  also  in 
studies  on  the  Scandinavian  coast,  developed  such  a  classification  in  detail,  applying 
the  name  "formation"  to  each  group  and  usually  naming  each  formation  after  the  alga 
most  characteristic  of  it.  Kjellman's  paper  of  1878,  "Ueber  Algenregionen  imd 
Algenformationen  im  ostlichen  Skager  Rack,"  stands,  as  far  as  the  author  is  aware, 
as  the  first  ^gological  contribution  introducing  the  methods  and  terminology  of 
ecology  as  at  present  practiced.  Later  authors  have  followed  the  methods  of  Kjell- 
man to  a  greater  or  less  degree,  and  among  them  one  of  the  most  elaborate  studies 
has  been  that  of  Borgesen  {1905),  "The  Algae  Vegetation  of  the  Faeroese  Coasts." 
The  reader  will  find  in  these  two  papers  of  Kjellman  and  Borgesen  historical  treat- 
ments of  the  literature,  which  need  not  be  repeated  here,  especially  since  they  deal 
with  conditions  in  northern  waters,  which  are  very  different  from  those  at  Woods 
Hole. 

Kjellman  (1877)  employed  the  terms  "littoral,""  "subUttoral,"  and  "elittoral"  to 
define  three  regions  of  distribution,  and  these  terms  are  in  wide  use  among  botanists 
and,  with  certain  modifications  of  his  definitions,  they  have  replaced  earlier  expres- 
sions designating  regions  occupied  by  the  green,  the  brown,  and  the  red  algae.  Kjell- 
man defmed  the  littoral  region  as  that  between  lowest  and  highest  tide  marks,  the 
subUttoral  region  as  that  from  the  lowest  tide  mark  to  the  furthest  depth  at  which 
algae  will  grow  (about  so  fathoms  on  the  Scandinavian  coast),  and  the  elittoral  region 
as  that  bottom  below  the  sublittoral. 

■  Cf .  diKiudon  OB  pMt*  i7^i«D.  Hctioa  1,  ol  procnt  nport. 
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Kjellman's  limitation  of  the  littoral  region  has  not  proved  altogether  satisfactory, 
snce  many  marine  alga:  range  far  above  the  highest  tide  mark,  espedally  along  coasts 
wet  by  the  spray  from  heavy  surf,  and  other  spedes  are  able  to  live  in  water  that  is 
brackish  or,  indeed,  actually  fresh.  Rosenvinge  (1S98,  p.  189)  pointed  out  that  the 
upper  boundary  of  the  littoral  region  should  be  considered  as  that  level  at  which 
marine  algal  vegetation  begins,  and  Bdrgesen  (1905,  p.  709)  agrees  with  this  view. 
The  littoral  region  can  then  best  be  defined  as  the  zone  extending  from  low-water  marie 
to  the  highest  point  where  marine  algte  cease  to  grow.  As  a  matter  of  fact,  however, 
in  sheltered  waters  the  upper  Umit  will  generally  coincide  closely  with  high-tide  mark. 

The  line  between  the  littoral  and  sublittoral  regions  is  not  always  easily  deter- 
mined, for  conditions  vary  in  different  localities.  It  is  not  safe  to  limit  arbitrarily  the 
upper  boundary  of  the  sublittoral  to  the  lowest  water  or  neap  tide  mark,  for  many 
spedes  characteristic  of  the  sublittoral  will  grow  a  little  above  such  a  line.  Rosen- 
vinge  and  Bdrgesen  agree  in  placing  the  boundary  between  the  littoral  and  sublittoral 
somewhat  above  the  lowest  tide  mark.  It  is  probably  very  near  to  the  average  low- 
water  level. 

The  lower  limit  of  the  sublittoral  region  varies  greatly  in  its  depth  from  the  sur- 
face and  can  not  be  defined  with  exactness.  It  merely  marks  the  gradual  diminution 
of  vegetation  imtil  a  bottom  is  reached  that  is  dev<Hd  of  plant  life.  There  is  .no  sharp 
line  sho^ng  the  lower  boundary  of  the  sublittoral,  such  as  defines  its  upper  limit  at 
low-water  mark.  Consequently  there  is  no  line  marking  the  upper  limit  of  an  elittoral 
region  or  depth  from  which  plant  life  is  absent.  Indeed,  to  speak  of  an  elittotal  region 
b  to  use  a  negative  expression,  and  the  term  is  not  important  in  descriptive  studies  on 
the  distribution  of  algx. 

The  line  of  greatest  significance  in  determining  regions  of  marine  vegetation  is 
that  between  the  littoral  and  sublittoral,  near  the  level  of  average  low  water.  Above 
and  below  this  boundary  the  life  conditions  differ  more  than  at  any  other  point  between 
tbe  upper  and  lower  limits  of  marine  algal  life.  Exposure  to  the  air,  to  rain,  and  to 
the  heat  and  drying  influence  of  untempered  sunlight  introduce  very  important  fac- 
tors in  the  littoral  region  which  are  not  present  in  the  sublittoral  and  make  this  line 
(A  separation  a  most  significant  one.  For  these  reasons  the  littoral  and  sublittoral 
regions  are  natural  divisions,  and  further  subdivisions  are  of  far  less  import  and,  indeed, 
can  hardly  be  made  under  ordinary  conditions,  although  some  authors  have  attempted 
to  define  a  supralittoral  region  above  the  littoral. 

Certmn  of  the  Cyanophycese  and  Chlorophyceee  and  a  few  of  the  Pbaeophyceae  and 
Rhodophyceae  are  most  commonly  found  only  in  the  upper  region  of  the  sublittoral 
dther  just  below  the  lowest  tide  mark  or  in  shallow  water.  For  these  a  separate  zone 
might  be  distinguished;  but  there  are  so  many  spedes  of  the  PhseophyceEe  and  Rho- 
dophyce^e  which  are  present  in  both  shallow  and  deep  water  that  the  timits  of  such 
a  zone,  at  least  in  the  Woods  Hole  region,  is  not  easily  determined,  since  there  is  a 
very  complex  overlapping  of  spedes.  For  these  reasons  we  have  not  attempted  to 
separate  and  designate  re^ons  of  the  sublittoral  further  than  to  qualify  the  term  mth 
the  words  "upper"  or  "lower"  in  certain  instances  where  spedes  are  very  clearly 
restricted  in  their  habits. 

When  the  algae  of  the  littoral  and  sublittoral  regions  are  studied  closely,  certain 
groups  of  spedes  will  be  found  in  more  or  less  close  companionship,  with  definite  rela- 
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tions  to  such  factors  as  proximity  to  low-water  mark,  temperature,  exposure  to  air  or 
to  sunlight,  sheltered  and  shaded  stations,  salinity  of  water,  character  of  attachment, 
etc.  These  groups  of  species  may  cover  large  areas  and  even  form  broad  zones  of 
vegetation  so  clearly  defined  and  conspicuous  as  to  deserve  the  name  of  formations; 
but  the  vegetation  more  often  consists  of  small  and  scattered  groups  the  limits  of  which 
are  generally  more  easily  recognized  and  in  which  a  single  species  very  greatly  predomi- 
nates. These  smaller  units,  usuaUy  recognized  by  the  preponderance  of  a  single  spe- 
cies, are  called  by  Bdigesen  (1905,  p.  707)  associations,  and  we  shall  employ  that  term 
in  the  brief  account  that  follows. 

The  regions  included  in  the  limits  of  the  Survey  do  not,  on  the  whole,  afford  mate- 
rial for  a  very  satisfactory  study  of  algal  associations  and  formations.  There  is  noth- 
ing that  compares  with  the  picturesque  zonation  of  algae  above  and  below  low-water 
mark,  as  illustrated  in  many  localities  north  of  Cape  Cod,  and  such  as  have  been  so  thor- 
oughly studied  by  KjeUman,  Rosenvinge,  and  others  along  the  Scandinavian  coasts 
and  in  Greenland,  and  by  Borgesen  for  the  Faroes.  The  chief  reasons  for  the  compar- 
atively undeveloped  character  of  the  formations  and  associations  at  Woods  Hole  and 
vicinity  are  four  in  number:  (i)  The  small  tides  give  a  relatively  narrow  strip  of  coast 
line,  generally  only  a  few  feet  wide,  available  for  the  development  of  a  littoral  flora; 
(2)  a  shore  line  of  bowlders,  frequently  broken  by  sandy  or  gravelly  beaches,  presents 
no  smooth  perpendicular  or  slanting  surfaces  where  the  attachment  afforded  to  algs 
is  uniform  in  character ;  (3)  the  absence  of  a  marked  boreal  flora,  except  for  the  rela- 
tively few  representatives  that  are  present  chiefly  in  the  winter  and  early  spring,  deprives 
the  region  of  a  number  of  species  of  Monostroma,  Alaria,  Dictyosipkon,  Fucxts,  Laminaria, 
Sacchoriza,  GigarHna,  and  Halosaccion,  which  are  conspicuous  north  of  Cape  Cod;  and 
(4)  the  scraping  of  the  ice  along  the  more  sheltered  shores  effectually  prevents  the 
development  of  a  littoral  flora  in  the  winter  season,  which  is  the  most  favorable  for 
the  growth  of  green  and  brown  littoral  species. 

One  has  only  to  look  at  the  remarkable  plates  of  Borgesen  (1905)  illustrating  the 
Uttoral  algal  associations  and  formations  along  the  coasts  of  the  Faroes  to  realize  how 
poorly  developed  is  the  httoral  flora  at  Woods  Hole.  There  are  also  no  rock  pools  or 
caverns  harboring  the  striking  assemblages  of  algae  characteristic  of  such  situations. 
On  the  other  hand,  certain  peculiarities  of  bottom,  tidal  channels,  shallow  harbors,  and 
coves  give  conditions  and  resulting  floras  that  are  not  present  in  many  northern  seas. 

The  arrangement  of  the  assodarions  follows  in  general  the  order  of  the  Catalogue, 
where  will  be  found  the  records  upon  which  these  brief  accounts  are  based.  The  number 
of  species  discussed  or  listed  is  far  short  of  the  total  list  given  in  the  Catalogue;  they  are 
merely  those  sufficiently  conspicuous  to  be  worthy  of  attention  in  a  treatment  of  algal 


For  descriptive  purposes  Buzzards  Bay  has  been  regarded  in  this  section  of  the 
report  as  being  divided  into  an  upper  and  lower  porUon  by  a  line  drawn  from  the  west 
end  of  Naushon  (Robinsons  Hole)  to  Round  Hill  Point.  Vineyard  Sound  has  been 
divided  into  three  re^ons,  (o)  the  westerly  portion  from  the  entrance  at  Gay  Head  to  a 
line  drawn  from  the  west  end  of  Naushon  (Robinsons  Hole)  to  Kopeecon  Point,  (fc) 
the  narrow  portion  from  this  line  to  one  between  Nobska  Point  and  West  Chop,  and 
(c)  the  easterly  portion  from  the  latter  line  to  one  drawn  between  Falmouth  Heights 
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and  East  Chop."  The  lower  portion  of  the  Bay  and  the  westerly  portion  of  the  Sound 
have  in  the  summer  a.  flora,  here  termed  the  cool-water  sublittoral  formation,  with  a 
number  of  striking  peculiarities,  while  the  more  sheltered  regions  have  in  the  summer 
a  strictly  warm-water  sublittoral  formation. 

Only  the  most  striking  of  the  algal  associations  and  formations  will  be  described, 
for  this  is  a  subject  which  might  be  followed  into  such  detail  that  tbe  broad  and  striking 
peculiarities  would  be  lost  among  the  minor  features.  Moreover,  for  the  reasons  given 
above,  the  physi<^raphtcal  features  and  other  conditions  of  Woods  Hole  do  not  lend 
themselves  to  the  development  of  picturesque  algal  assodations. 

ALGAL  ASSOCIATIONS. 

(l)   THB  LYNGBYA   SALT-MARSH    ASSOCIATION. 

The  bottom  and  sides  of  shallow  bodies  of  water  in  salt  marshes,  and  other  brackish 
ditches  and  pools,  are  frequently  covered  by  felted  growths,  which  are  largely  composed 
of  Lyngbya,  most  commonly  the  species  L.  astuarii  and  L.  semiplena.  Mixed  with  the 
I,yngbyas  may  be  found  Chroococcus  turgidus,  Microcoleus  chthonoplastes,  Microcoteus 
ienerrimus,  SpinUina  svbsalsa,  AnabcBna  tondosa,  Nodularia  Harveyana,  and  other  forms. 

This  is  a  very  characteristic  assodadon  of  blue-green  alga:  frequently  forming 
extensive  growths  in  the  summer  months  in  the  salt  marshes  and  brackish  pools  of 
Quisset,  Penzance,  and  Hadley  Harbor. 

(2)    THE   ENTEROMORPHA    SALT-MARSH    ASSOCIATION. 

Brackish  pools  in  salt  marshes  and  other  situations  frequently  contain  extensive 
Soaring  or  loosely  attached  growths,  which  are  chiefly  species  of  Enieromorpka,  the 
commonest  species  being  E.  daihrata,  E.  criniia,  E.  percursa,  and  E.  proUjera.  Clado- 
pkora  expansa  is  found  under  similar  condiUons,  frequently  mixed  with  the  Entero- 
moiphas. 

This  association  of  green  algae  forms  surface  growths  in  situaUons  where  the  Lyngbya 
association  is  likely  to  be  found  over  the  bottom.  It  is  frequently  conspicuous  during 
tbe  simimer  months  in  brackish  pools  of  Quisset,  Penzance,  and  Hadley  Harbor. 

{3)    THE  CALOTHKIX   ASSOCIATION. 

Of  the  four  species  of  Calothrix  which  may  be  found  on  stones  and  woodwork 
between  tide  marks,  C.  putvinaia  is  the  most  conspicuous,  developing  thick  patches 
resembling  honeycomb  on  the  woodwork  <rf  wharves  (whaif  of  U.  S.  Bureau  of  Fisheries) . 
Calothrix  scopulorum,  also  conspicuous,  grows  on  rocks  near  high-water  mark  or  above, 
occasionally  in  company  with  Codiolum  gregarium,  forming  large  indefinite  patches;  it 
also  grows  on  piles. 

(4)   THE  RIVULARIA   ASSOCIATIONS. 

Rivularia  nitida  is  foimd  in  salt  marshes  (as  at  Quisset)  forming  thick  growths  over 
mud  and  roots  of  Sparlina  well  above  low-water  mark.  Rivularia  atra  is  occasionally 
plentiful  on  rocks  and  barnacles  near  high-water  mark. 
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(5}   THE   PLEUROCAPSA   ASSOCIATION. 

Pleurocapsa  fuliginosa  grows  on  rocks  and  stonework,  forming  a  conspicuous  dark 
stain  at  high-water  mark  and  in  depressions  wet  by  waves  and  spray. 

(6)    THE    ULVA,  ENTBROMORPHA,    AND  MONOSTROMA    ASSOCIATIONS. 

Rocks  and  stony  beaches  above  low-water  mark  frequently  exhibit  striking  growths 
of  species  of  Ulva,  Enieromarpha,  and  Monosiroma.  Viva  Lactuca  var.  rigida  is  common 
above  low-water  mark  on  rocks  exposed  to  waves  where  it  frequently  forms  dense 
zones  of  growth.  Enleromorpha  intestituUis  is  often  abundant  in  quiet  waters  attached 
to  stones  and  shells  and  sometimes  to  woodwork  of  wharves  between  tide  marks;  it  may 
develop  broad  zones  of  growth  in  such  situations.  Enteromorpha  lima  is  also  found  in 
the  same  situations  as  Enteromorpha  intestinalis  and  is  sometimes  mixed  with  it.  Entero- 
morpha minima  is  very  common  during  the  spring  and  summer  in  situations  similar  to 
those  of  Enteromorpha  intestinalis,  but  always  growing  near  high-water  mark.  In  the 
spring  Monosiroma  GrevUlei  is  abundant  on  stones  and  larger  algx  a  little  above  low- 
water  mark. 

These  forms,  together  with  certain  spedes  of  Cladophora  described  in  association  9, 
make  up  the  most  characteristic  associations  of  green  algae  in  the  littoral  region.  They 
are  generally  responsible  for  the  conspicuous  green  zones  on  wharves,  rocks,  and  beaches 
above  low-water  mark. 

(7)   THE    ULOTHRIX   ASSOCIATIONS. 


Vlothrix  fiacca  is  not  uncommon  in  the  summer,  forming  large  patches  on  stones 
and  woodwork  of  wharves  above  low-water  mark;  it  is  sometimes  epiphytic  on  Fvcus. 
Ulolhrix  implexa  is  also  present  in  the  spring  on  rocks  above  tow  water. 

(8)    THE  CH^TOMORFHA    ASSOCIATIONS. 

Ckastomorpka  Linum  is  common  growing  in  wiry  masses  over  sandy  and  muddy 
bottoms.  It  was  dredged  by  the  Survey  as  deep  as  5  fathoms,  but  is  generally  found 
in  shallow  water  in  the  upper  regions  of  both  the  cool-  and  warm-water  sublittoral 
formations  (a  and  b). 

CiuEiomorpha  melagonium  is  present  in  deeper  water  off  exposed  points,  such  as 
Gay  Head  and  Cuttyhunk  (chart  228).  This  species  was  dredged  in  4  to  9  fathoms  and 
is  a  characteristic  member  of  what  is  here  tenned  the  cool-water  sublittoral  formation. 

(9)    THE   CLADOPHORA    ASSOCIATJONS. 

Several  species  of  Cladophora  develop  conspicuous  associations  in  the  upper  level 
of  the  sublittoral  region.  Cladophora  albida  and  C.  albida  var.  rejracia  form  in  the  sum- 
mer patches  on  rocks.  Cladophora  arcia  is  very  abundant  in  the  spring  on  wharves  and 
harbor  walls  near  low-water  mark  and  ttelow,  and  is  one  of  the  most  characteristic  of 
the  green  algfe  at  that  season.  C.  flexuosa  is  common  in  the  summer  on  rocks,  and  C 
glaucescens,  a  delicate  species,  is  also  abundant  at  the  same  season  on  rocks  and  wharves 
near  low-water  mark.  C.  gracilis  grows  luxuriantly  during  the  summer  in  quiet  sheltered 
waters,     C,  lanosa  is  epiphytic  on  latter  alga  generally  below  low  water;  C.  latwsa  var. 
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uncialis  grows  on  rocks  above  and  below  low-water  mark  and  is  conspicuous  in  the 
winter  and  spring.  C.  refracta  and  C.  Rvdolpkiana  are  frequently  abundant  on  stones 
near  low  water  and  below.  C.  rupestris  is  a  striking  species  growing  off  exposed  points 
as  at  Nobska  and  Gay  Head. 

The  list  of  Cladophoras  in  this  region  is  large,  but  they  are  apt  to  grow  mixed  with 
other  algEe.  However,  C.  albida,  C.  aiinda  var.  refracta,  C.  arcta,  C.  gracilis,  and  C. 
lanosa  var.  uncialis  frequently  form  extensive  and  almost  pure  growths,  which  are  as 
conspicuous  as  the  zones  of  Ulva,  Enleromorpka,  and  Monosiroma. 

(10)  THE  VAUCHBRIA  ASSOCIATIONS. 

Vavcheria  liiorea  and  V.  Thuretii  are  occadonally  found  fomung  rather  extensive 
and  sometimes  matted  growths  over  gravel  and  mud  near  low-water  mark  and  below. 

(11)  THE  ECTOCARPUS  ASSOCIATIONS. 

Most  of  the  species  of  Ectocarpus  grow  attached  to  lai^jer  algae  or  to  Zosiera,  but 
some  are  found  on  stones  and  the  woodwork  of  wharves  near  low-water  mark  and  below. 
Ectocarpus  conjervoides  and  E.  silicidosus  are  frequently  present  in  the  latter  dtuations, 
forming  at  times  extensive  growths.  Some  of  the  epiphytic  species  may  grow  so  thickly 
over  such  forms  as  Scytosiphon  lomentarius,  Desmarestia  aculeala,  Chordaria  flagelli- 
formis.  Chorda  fiium,  Laminaria  Agardkii,  and  Zoitera  as  to  form  a  conspicuous  part 
of  the  associations  that  contain  these  larger  algx  and  the  eel  grass.  The  commonest 
of  the  epiphytic  species  are  Ectocarpus  acidioides  on  old  Laminaria,  E.  conjervoides  on 
Scytosiphon  and  Chordaria,  E.  fasicvlatus  on  Chordaria  and  Chorda,  E.  granviosui  on  Sar- 
gassum,  E.  penicillatus  on  larger  algae  and  Zostera,  and  E.  siliculosw  on  Scytosiphon, 
Zosiera,  etc. 

(12)   THE  CLADOSTEPHUS  ASSOCIATION.. 

Ctadostephus  verticillatus  grows  in  fairly  deep  water  and  has  a  scattered  distri- 
bution in  Mneyard  Sound  (chart  229).  It  was  dredged  in  2  to  13  fathoms  over  sandy 
and  stony  bottoms.  Although  not  plentiful,  this  species  is  conspicuous  for  its  size;  it 
is  a  member  of  the  warm-water  sublittoral  fonnation  (b). 

{13)   THE  SPHACELARU   ASSOCIATIONS. 

Sphacelaria  cirrkosa  is  epiphytic  on  Fvcus,  Ascophyllum,  Sargassum,  and  occasion- 
ally on  Zostera;  it  may  also  grow  on  stones.     The  species  is  probably  widely  distributed  ' 
along  the  coast  and  was  dredged  in  3  to  8  fathoms  on  Sargassum  and  stones  at  several 
scattered  stations  in  Vineyard  Sound. 

Sphacelaria  radicans  is  common  attached  to  Stones,  shells,  and  mud-covered  rocks. 
It  was  dredged  in  3  to  5  fathoms,  chiefly  at  stations  near  Vineyard  Haven. 

The  two  species  are  in  the  warm-water  sublittoral  formation  (b). 

(14)   THE  DBSMOTRICHUM   AND  PUNCTARIA   ASSOCIATIONS. 

Desmoirichum  balticum  and  D.  undulatum  are  common,  especially  in  the  spring, 
forming  dense  growths  on  Zosiera;  they  are  occasionally  found  on  larger  algse  and  on 
rocks. 

Punctaria  latifolia  and  P.  plantaginea  are  likewise  common  in  the  spring,  the  former 
on  Zostera  and  lai^er  algae,  the  latter  on  algte  and  rocks. 
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(15)    THE   PHYLLITIS   AND   SCVTOSIPHON    ASSOCIATIONS. 

Phylliiis  fascia  is  common  in  the  winter  and  spring  on  rocks  just  below  low-water 
mark  and  in  the  littoral  region.  Scytosiphon  lomentarius  is  also  abundant  in  similar 
situations  on  rocks,  and  also  on  stony  beaches,  where  it  develops  extensive  growths 
during  the  winter  and  spring  extending  above  the  Phylliiis  in  the  littoral  region. 

These  two  algx,  so  conspicuous  in  the  littoral  during  the  winter  and  spring,  prac- 
tically disappear  during  the  summer,  being  then  foimd  only  in  very  favorable  ^tuations, 
as,  for  example,  at  Gay  Head  and  at  Grassy  Ledge,  in  Woods  Hole  Harbor,  on  the 
side  of  the  ship  channel.  They  frequently  form  a  mixed  association,  but  Scylosiphon 
is  the  commoner  of  the  two  and  more  widely  distributed, 

(16)    THE    ARTHROCLADIA   ASSOCIATION. 

Artkrocladia  villosa,  which  has  been  considered  rather  rare,  was  found  by  the  Survey 
to  be  widely  distributed  in  Buzzards  Bay  and  Vineyard  Sound  (chart  230).  Although 
generally  dredged  in  small  quantities,  it  was  obtained  in  abundance  in  the  cove  west 
of  Cuttyhunk  Neck  (near  station  loi)  July  27,  1905.  At  this  date  large  plants  in  full 
fruit  grew  on  shells  and  stones  in  4  to  5  fathoms,  forming  large  patches  over  the  bottom. 
The  species  is  a  member  of  the  warm-water  sublittoral  formation  (b). 

(17)  THE   DESMABESTIA   ASSOCIATION. 

Desmaresiia  acvleaia  is  a  large  coarse  species  plentiful  in  the  lower  portion  of 
Buzzards  Bay  and  westerly  portion  of  Vineyard  Sound  (chart  231).  It  grovre  over  sandy 
and  stony  bottoms  in  1^4  to  14  fathoms.  Although  the  plants  are  moreoften  scattered, 
they  sometimes  form  patches  which  would  be  considered  as  associations.  The  species 
is  frequently  a  member  of  the  cool-water  sublittoral  formation  (a). 

Desmaresiia  viridis  is  found  not  only  in  the  same  situations  as  D.  aculeaia,  but 
also  in  quieter  and  warmer  regions  of  the  Sound  (chart  232).  It  is  common  at  Woods 
Hole  in  the  spring  and  early  summer,  a  little  below  low-water  mark.  The  growths 
are  generally  scattered,  but  they  may  also  form  dense  assodations.  This  species  is  a 
member  of  the  warm-water  sublittoral  formaUon  (b),  but  is  also  present  in  colder 
waters,  although  not  so  common  there  as  Desmaresiia  aculeaia. 

(18)  THE   DICTYOSIPHON    ASSOCIATION. 

A  species  of  Dictyosiphon  is  present  during  the  summer  months  rather  widely 
distributed  in  both  Bay  and  Sound  on  stones  and  over  sand  in  3  to  lofathoms  (chart  233). 
The  form  compares  weJl  with  material  and  descriptions  of  Diciyosiphon  hippuroides. 
However,  in  view  of  the  difficulties  in  determining  species  in  this  genus  and  the  fact 
that  our  material  was  evidently  a  summer  seasonal  condition,  we  do  not  feel  sure  of 
its  affinities.  It  was  found  at  several  stations  in  sufficient  quantity  to  constitute  asso- 
ciations, and  is  present  in  both  the  cool-  and  warm-water  sublittoral  formations. 

(19)   THE   CASTAGNEA    ASSOCIATION. 

Castagnea  Zosierce  is  common  at  Woods  Hole  in  the  summer,  attached  to  Zosiera 
Castagiwa  virescens  is  occasionally  found  on  rocks,  Zosiera,  and  larger  algae  below  low- 
water  mark.  Both  species  are  present  in  the  warm-water  sublittoral  formation  (b),  but 
C.  virescens  is  also  a  spring  species. 
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(30)    THE   CHORDARIA    ASSOCIATION. 

Chordaria  flagelliformis  during  the  summer  develops  extensive  growths  on  stones 
and  rocks  a  little  below  low-water  mark.  It  grows  in  large  masses  and  is  frequently 
the  most  conspicuous  member  of  the  zone  of  brown  algae,  fringing  exposed  rocks  near 
low-water  mark.  The  other  prominent  members  of  this  zone  are  commonly  Phyllitis 
fascia  and  Scytosipkon  tomenlarius,  which  grow  above  the  Chordaria  and  in  the  littoral 
region.  The  Chordaria  is  frequently  overgrown  with  Eclocarpus  confervoides,  E. 
fasicwkUtts  or  E.  silicvlosus,  and  it  also  harbors  CaUiihamnion  Baiieyi,  C.  corymbosum, 
and  other  algal  epiphytes. 

(2[)    THE    MESOGLOIA    ASSOCIATION. 

Mesogloia  divaricata  grows  in  masses  on  stones  and  algx  in  relatively  quiet  waters 
a  little  below  low-water  mark.  It  is  a  conspicuous  summer  plant  occupying  a  situation 
somewhat  similar  to  that  of  Chordaria  flagelliformis  in  more  exposed  situations. 

(32)   THE   RALPSIA   ASSOCIATIONS. 

Raifsia  clavala  is  very  abundant  on  stones  and  shells  at  low-water  mark  and  below. 
It  is  widely  distributed  throughout  the  sublittoral  region  at  Woods  Hole  and  in  the  Bay 
and  Sound,  and  has  been  dredged  in  3  to  13  fathoms.  Raifsia  verrucosa  is  less  widely 
distributed,  but  in  certEun  localities  has  been  found  in  quantity  (Grassy  Ledge,  Little 
Harbor,  Tarpaulin  Cove) ;  it  grows  on  stones  near  low-water  mark. 

(23)    THE   CHORDA    ASSOCIATION. 

Chorda  ftlum  is  a  summer  species  very  common  in  the  sublittoral  ref^on  on  stones 
and  shells  in  water  3  feet  or  more  in  depth.  It  frequently  forms  large  beds  and  some- 
times supports  extensive  epiphytic  growths  of  Ectocarpus  jasicviatus,  Ceramium  ritbrum, 
and  other  species.  Chorda  /Hum  is  widely  distributed  throughout  the  Bay  and  Sound 
(chart  234.)  and  was  dredged  in  2  to  14  fathoms. 

Chorda  lomentosa  is  a  very  beautiful  spring  spedes  common  at  Woods  Hole  in  the 
same  situation  as  Chorda  fUum,  which  takes  its  place  later  in  the  season.  We  know 
nothing  of  its  distribution  in  Buzzards  Bay  and  Vineyard  Sound. 

{24)    THE    LAMINARIA    ASSOCIATIONS. 

The  genus  Laminaria  has  only  three  representatives  in  the  waters  of  Buzzards 
Bay  and  Vineyard  Sound.  In  comparison  with  the  flora  north  of  Cape  Cod  the  kelps 
play  but  an  insignificant  part  in  the  vegetation  of  this  region. 

LomiJkiria/l^ardAuisrather  widely  distributed  (chart  235),  being  common  at  Woods 
Hole  on  wharves  and  stones  in  water  3  feet  or  more  in  depth ;  it  was  dredged  over  sandy, 
shelly,  and  stony  bottoms  in  2  to  17  fathoms. 

Laminaria  Agardhii  var.  villata  is  restricted  in  its  distribution  chiefly  to  the  lower 
portion  of  the  Bay  and  westerly  portion  of  the  Sound  (chart  236) ;  it  grows  over  sandy, 
shelly,  and  stony  bottoms  in  2  to  17  fathoms,  sometimes  forming  beds  of  considerable 
extent  frequently  mixed  with  Laminaria  Agardhii. 
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Laminaria  digilala  was  found  only  off  Gay  Head  (chart  237)  over  sandy  and  stony 
bottoms  in  3  to  13  fathoms,  accompanied  by  the  other  forms  of  Laminaria.  Alt  of 
these  kelps  are  characteristic  members  of  the  cool-water  subUttoral  formation  (a),  but 
Laminaria  Agardhii  is  more  widely  distributed  than  the  others. 

(25)    THE   FUCUS   AND   ASCOPHYLLUM    ASSOCIATIONS. 

Ascophyllum  nodosum  and  Fucus  vesiculostis  are  the  only  rockweeds  that  develop 
extensive  associations  in  these  waters;  the  other  two  species  of  Fucus  do  not  form 
very  conspicuous  growths. 

Ascophyllum  nodosum  grows  plentifully  over  rocks  near  low-water  mark  and  above 
in  somewhat  sheltered  situations.  It  is  found  in  its  best  vegetative  condition  during 
the  winter  snd  spring  culminating  with  the  fruiting  period  in  May;  the  summer  growth 
is  somewhat  dwarfed  and  much  lighter  in  color  (yellowish)  where  exposed  to  bright 
sunlight. 

Fucus  vesiculosus,  with  its  several  forms  and  varieties,  is  more  plentiful  than  Asco- 
phyllum, growing  over  a  wide  zone  from  below  low-water  mark  to  a  high  point  in  the 
littoral  region.  It  is  likewise  found  in  its  best  vegetative  condition  during  the  winter 
and  spring,  fruiting  most  abundantly  in  the  latter  season.  It  is  represented  during 
the  summer  by  dwarfish  growths,  frequently  lighter  in  color  than  the  winter  condition, 
except  off  exposed  points  as  at  Gay  Head,  where  the  growth  and  fruiting  is  more  uniform. 

The  Ascophyllum  and  Fucus  frequently  form  a  mixed  association  at  Woods  Hole, 
which  during  the  winter  develops  a  broad  zone  in  the  littoral  region  over  rocks  that  are 
not  subjected  to  severe  scraping  by  the  ice.  Most  of  the  winter  growths  matures  during 
the  spring  and  the  display  during  the  summer  is  comparatively  poor. 

(26)    THE   SARGASSUM    ASSOCIATION. 

Sargassum  FUipenduia  is  common  during  the  summer  in  the  warmer  and  more 
sheltered  r^ons  of  the  Bay  and  Sound  (chart  238);  it  was  dredged  over  sandy,  shelly, 
and  stony  bottoms  in  2}^  to  15  fathoms,  sometimes  froming  rather  large  beds.  At 
Woods  Hole  there  are  conspicuous  associations  at  the  entrance  to  the  Eel  Pond  and  off 
Juniper  Point,  where  the  plants  grow  in  large  patches  in  3  feet  to  i  or  more  fathoms  of 
water.  Sargassum  is  thus  strictly  sublittoral,  in  sharp  contrast  to  the  habits  of  the 
species  of  rockweeds,  and  it  is  characteristic  of  the  warm-water  sublittoral  formation  (b). 

(27)  THE   BANGIA   ASSOCIATION. 

Bangia  jusco-purpurea  is  not  uncommon,  forming  patches  on  rocks  and  woodwork 
of  wharves  near  high-water  mark.  Ulotkrix  ftacca  is  frequently  mixed  to  a  greater  or 
less  degree  with  the  Bangia. 

(28)   THE   PORPHYRA   ASSOCIATION, 

Porphyra  laciniata  frequently  develops  heavy  growths  on  the  harbor  walls  at  Woods 
Hole  near  low-water  mark.  Porphyra  leucosticta  is  a  spring  species  common  on  larger 
algae  and  on  Zoslera. 
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(29)    THE   CHANTRANSIA    ASSOCIATIONS. 

Chantransia  virgaiula  is  abundant,  fringing  the  leaves  of  Zostera,  and  is  a  conspic- 
uous member  of  the  Zostera  formation  (c).  Chaniranna  secundaia  is  sometimes  com- 
mon on  Zostera,  Ceramium  rvbrutn,  and  Porphyra  laciniata.  Chantransia  Tkuretii  is 
occasionally  found  in  quantity  on  Ceramium  rvbrum  and  on  Cysioclonium  fmrfmrascens 
at  a  depth  of  i  to  3  meters  (off  Juniper  Point), 

{30)   THE   NEMALION    ASSOCIATION. 

Nemaiion  multifidwm  is  a  very  characteristic  summer  species,  frequently  forming  a 
broad  zone  on  rocks  a  little  above  low-water  mark.  This  is,  perhaps,  the  best  illustration 
d  a  red  alga  with  life  habits  in  this  region  apparently  demanding  a  certain  degree  of 
^cposure  to  the  air. 

{31)   THE   ANTITHAMNION    ASSOCIATION. 

AntUhamnion  crucialum  proved  to  be  very  widely  distributed  during  the  summer  in 
Vineyard  Sound  and  Buzzards  Bay,  attached  to  stones  and  larger  algae  in  3  to  15  fathoms 
(chart  239).  It  frequently  forms  dense  epiphytic  growths  on  Chondrus,  Phyllophora, 
and  Polyides._  The  species  is  a  common  member  of  the  warm-water  sublittoral  formation 
(b),  but  it  is  also  found  in  exposed  dtuarions,  as  off  Gay  Head  and  Cuttyhunk.  The 
other  species  of  Aniithamnion  are  not  found  in  sufficient  quantity  to  form  conspicuous 
associations. 

(32)    THE  CALLITHAMNION    ASSOCIATIONS. 

Of  the  five  species  of  CaUiihamnion  found  in  this  region  only  three  forms  develop 
growths  so  extensive  as  to  be  worthy  of  consideration  in  this  connection. 

CaUiihamnion  roseum  is  common  during  the  summer  in  the  more  sheltered  waters 
of  the  Bay  and  Sound,  growing  on  stones,  shells,  larger  algae,  and  Zostera  in  3  to  13 
fathoms.  It  is  especially  abundant  in  the  easterly  portion  of  Vineyard  Sound,  where 
Chondrus,  Phyllophora,  and  Sargassum  frequently  support  heavy  epiphytic  growths. 
The  species  is  a  charactenstic  member  of  the  warm-water  sublittoral  formation  (b). 

CaUiihamnion  Baileyi  and  C.  Baileyi  var.  laxum  are  also  common  during  the  summer, 
but  generally  only  as  scattered  plants.  CaUiihamnion  Baileyi  grows  on  rocks,  and  is  also 
frequently  epiphytic  on  lai^er  algae,  such  as  Chordaria  and  Ceramium  rubrum,  m  the 
Upper  level  of  the  sublittoral.  It  was  dredged  in  3  to  13  fathoms  attached  to  Des- 
marestia,  Chondrus,  Phyllophora,  and  Cystoclonium,  The  species  seems  to  prefer  the 
conditions  of  the  warm-water  sublittoral  formation. 

(33)    THE   CERAMIUM    ASSOCIATIONS. 

Of  the  six  species  of  Ceramium  present  in  these  waters,  C.  rubrum  deserves  the 
most  attention,  on  account  of  its  abundance  and  very  wide  range  (chart  240).  This 
spedes  is  conspicuous  in  the  upper  level  of  the  sublittoral,  as  one  of  the  commonest 
members  of  the  zone  of  red  algae  frequently  found  on  rocks  a  little  below  low-water 
mark  in  company  with  such  forms  as  Polysiphonia  fibriUosa,  P.  urceotata,  P.  viciacea, 
and  Chondrus  crisfrus.     Ceramium  rubrum  is  also  abundant  in  deeper  water,  and  was 
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dredged  in  i  to  19  fathoms  attached  to  stones.  It  is  a  very  common  epiphyte  on  Chords, 
Chondrus,  and  PhyUophora,  and  on  Zosiera.  The  species  is  present  in  both  the  cool 
and  warm -water  sublittoral  formations. 

Ceramium  fastigiatum  is  frequently  abmidant  on  Zttjtera  and  on  larger  aigs,  such  as 
PhyUophora,  and  sometimes  on  stones;  it  was  dredged  in  2  to  7  fathoms.  Ceramium 
Hridum  and  C.  tenuissimtim  are  also  common  on  Zosiera  and  on  larger  algx,  and  occa- 
sionally on  stones;  they  were  dredged  in  2  to  15  fathoms.  These  three  species  have  a 
scattered  and  probably  wide  distribution  in  sheltered  regions  of  the  Bay  and  Sound, 
but  are  not  present  in  abundance;  they  belong  to  the  warm-wate'r  sublittoral  forma- 
tion (b). 

(34)    THE   GRtFFITHSlA   ASSOCIATIONS. 

Griffilkna  Bornetiana  is  common  in  the  summer  in  the  more  sheltered  portions  of  the 
Bay  and  Sound  (chart  241).  The  species  is  an  epiphyte  on  larger  algs,  such  asChondrus 
and  PhyUophora,  and  was  dredged  in  3  to  15  fathoms  (most  plentiful  between  3  and  6 
fathoms);  it  is  a  conspicuous  member  of  the  warm-water  sublittoral  formation  (b). 

Grifjithsia  tenuis  has  a  distribution  restricted  to  the  extreme  upper  portion  of 
Buzzards  Bay  (chart  242),  where  it  may  be  found  in  large  patches  loosely  attached  over 
sandy  and  muddy  bottoms  in  2  to  4  fathoms.  It  is  a  striking  species  in  these  sheltered 
regions  (that  support  comparatively  little  algal  vegetation),  evidently  preferring  warm 
watere, 

(35)    THE    PLUMA8IA    ASSOCIATION. 

Plumaria  degans  is  restricted  to  exposed  situations,  such  as  Gay  Head  and  Sow  and 
Pigs  (chart  343).  There  it  is  abundant  as  an  epiphyte  on  Chondrus  and  PhyUophora 
over  sandy  and  stony  bottoms  in  3  to  17  fathoms.  It  is  one  of  the  most  cbaracteristic 
spedes  of  the  coot-water  sublittoral  formation  (a). 

(36)   THE  SEIROSPORA   ASSOCIATION. 

Seirospora  GriffiOtHana  is  sometimes  very  common  on  stones,  shells,  Zosiera,  and 
larger  algte  in  3  to  10  fathoms.  It  has  a  scattered  distribution  in  both  Bay  and  Sound, 
and  is  frequently  present  in  the  warm-water  sublittoral  formation  (b). 

(37)    THE   SPHRMOTHAMNION    ASSOCIATION, 

Spermothamnion  Turneri  is  very  abundant  as  an  epiphyte  on  such  alge  as  Chondrus, 
PhyUophora,  and  Polyides  in  1  to  17  fathoms,  over  sandy,  shelly,  stony,  and  muddy 
bottoms.  It  is  distributed  widely  in  the  Bay  and  Sound  (chart  344)  and  is  present  in 
both  the  cool-  and  warm-water  sublittoral  formations. 

(38)    THE   SPYRIDIA    ASSOCIATIONS. 

Spyridia  filameniosa  is  very  widely  distributed  in  both  Bay  and  Sound  (chart  245) ; 
it  is  found  on  stones  and  shells,  frequently  over  muddy  bottoms,  and  on  Zosiera  and 
larger  algae,  and  was  dredged  in  3  to  15  fathoms  (most  plentiful  in  4  to  10  fathoms). 
The  species  is  a  characteristic  member  of  the  warm-water  sublittoral  formation  (b). 
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(39)    THE   CHONDRIA    ASSOCIATIONS. 

Ckondria  Uwuissima  is  abundant  on  rocks  and  larger  algx  below  low-water  mark 
along  somewhat  sheltered  shores;  it  was  dredged  as  deep  as  z  to  5  fathoms  at  Fhalarope 
station  73,  but  the  species  is  on  the  whole  rather  characteristic  of  the  upper  level  of  the 
sublittoral  region.  Ckondria  lenuissima  var.  Baileyana  is  less  common,  but  found 
in  similar  ^tuations. 

Ckondria  dasyphylla  is  also  found  on  rocks  and  larger  algae  and  sometimes  on  Zostera 
below  low-water  mark.  It  is  a  coarse  species,  generally  present  in  less  sheltered  situ- 
ations than  Ckondria  tenuissima  and  was  dredged  in  4.  to  10  fathoms,  chiefly  in  the 
easterly  portion  of  Vineyard  Sound.  Ckondria  sedifolia  is  closely  related  to  C.  dasy- 
pkylla,  and  has  been  classed  as  a  variety  of  the  latter;  it  is  less  common,  but  is  found 
in  similar  situations. 

All  the  spedes  of  Ckondria  are  members  of  the  warm-water  sublittoral  formation 
(b),  preferring  shallow  water  and  sheltered  situations. 

(40)    THE   DASYA    ASSOCIATION. 

Dasya  eUgans  is  very  abundant  during  the  late  summer  below  low-water  mark, 
generally  in  sheltered  situadons  on  Zostera,  on  larger  algx,  and  occasionally  on  stones ; 
it  was  dredged  over  sandy  and  stony  bottoms  in  2  to  13  fathoms  and  has  a  wide  and 
scattered  distribution  throughout  the  Bay  and  Sound.  The  species  is  a  member  of  the 
warm-water  sublittoral  formation  (b)  and  is  also  frequently  conspicuous  in  the  Zostera 
formation  (c). 

{41)    THB    POLYSIPHONIA    ASSOCIATIONS.    ' 

Of  the  13  species  of  Potysipkonia  found  in  this  region  8  are  sufficiently  common  to 
present  conspicuous  assodadons. 

Polysiphonia  elongata,  the  largest  species,  grows  on  stones  and  rocks  in  fairly  deep 
water  over  sandy,  shelly,  and  stony  bottoms  in  2  to  17  fathoms  (most  plentiful  in  5  to  13 
fathoms).  The  species  is  common  and  widely  distributed  throughout  Vineyard  Sound, 
but  is  found  only  in  the  lower  portion  of  the  Bay  (chart  246).  It  is  present  in  both  the 
warm-  and  cool-water  sublittoral  formations,  but  is  more  plentiful  in  the  latter. 

Polysiphonia  fibrillosa  is  common  at  Woods  Hole  in  the  summer,  frequently  forming 
a  zone  on  rocks  at  and  just  below  low-water  mark.  Although  characteristic  of  the 
upper  region  of  the  warm-water  sublittoral,  the  species  was  dredged  at  several  scattered 
stations  in  Vineyard  Sound  in  2  to  1 1  fathoms. 

Polysiphonia  Harveyi  and  P.  Olneyi  form  tufted  growths  on  eel  grass  in  quiet  water, 
and  are  members  of  the  Zostera  formation  (c). 

Polysiphonia  nigrescens  is  very  abundant  on  stones  and  shells  frequently  over 
muddy  bottoms  in  i  to  15  fathoms  (most  plentiful  in  5  to  10  fathoms).  The  spedes  is 
widdy  distributed  in  both  Bay  and  Sound  (chart  247),  and  is  present  in  both  the  cool- 
and  warm-water  sublittoral  formations. 

Polysiphonia  urceotata  is  abundant  in  the  spring  and  very  conspicuous  in  the  zone 
of  red  alga  on  stones  and  wharves  below  low-water  mark.  The  spedes  at  that  season 
is  probably  widdy  distibuted  in  both  the  Bay  and  Sound  and  is  then  a  prominent  mem- 
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bcr  of  the  cool-water  sublittoral  formation;  it  was  dredged  in  the  summer  in  the  lower 
portion  of  Buzzards  Bay  in  2  to  19  fathoms. 

Polysiphonia  iiariegata  is  common  in  the  summer  on  stones,  Zostera,  and  larger 
algEe,  and  also  grows  loosely  attached  over  sand  and  mud  in  sheltered  situations;  it 
was  dredged  in  3  to  6  fathoms  in  the  upper  portion  of  Buzzards  Bay  (chart  248).  The 
species  belongs  to  the  warm-water  sublittoral  formation,  preferring  sheltered  situations. 

Polysiphonia  violacea  is  abundant  in  the  summer  on  stones,  rocks,  and  on  the  larger 
algx  below  low-water  mark;  it  was  dredged  in  i  to  13  fathoms  over  sandy  and  stony 
bottoms  and  has  a  wide  though  scattered  distribution  in  the  Bay  and  Sound.  The 
species  is  an  important  member  of  the  zone  of  red  algse  below  low-water  mark  on  rocks 
in  exposed  ^tuations,  taking  the  place  which  P.  urceolata  occupies  in  the  spring.  It 
belongs  to  the  warm-water  sublittoral  formation. 

(4a)   THE   RHODOMELA  ASSOCIATIONS. 

Rkodomela  Rochet  and  R.  si*bfusca  are  probably  very  abundant  in  the  spring  through- 
out the  Bay  and  Sound.  The  bases  of  old  plants  were  dredged  during  the  summer 
at  scattered  stations  in  3  to  8  fathoms  for  Rhodomela  Rocket,  and  3  to  12  fathoms  for 
R.  svbjusca.  In  the  spring  these  species  are  undoubtedly  conspicuous  members  of 
the  cool-water  sublittoral  formation  (a). 

.(43)  THE   AHNFELDTIA  ASSOCIATION. 

Ahnfeldtia  piicata  is  common  in  exposed  situations  as  off  Gay  Head  and  Cutty- 
hunk  (chart  249).  It  was  dredged  in  i  to  14  fathoms  (most  plentiful  in  7  to  13 
fathoms)  over  sandy,  shelly,  and  stony  bottoms,  and  is  one  of  the  cool-water  sublittoral 
species. 

(44)    THE  CHONDRUS   ASSOCIATION. 

Chondrus  crispus,  the  Irish  moss,  is  abundant  along  the  shores  of  the  Bay  and 
Sound  below  low-water  mark;  it  was  dredged  in  i  to  19  fathoms  (most  plentiful  in 
4  to  12  fathoms)  over  sandy,  shelly,  and  stony  bottoms.  The  species  is  widely  dis- 
tributed through  the  Bay  and  Sound  (chart  250),  wherever  the  bottom  is  favorable, 
and  grows  in  dense  patches  on  the  rocks.  It  does  not  as  a  rule  come  so  close  to  the 
surface  as  Ceramium  rubrum,  Polysiphonia  fibrillosa,  P.  urceolata,  and  P.  violacea, 
but  it  is  the  most  conspicuous  member  on  exposed  rocks  of  the  zone  of  red  algae  some- 
what below  these  species.  ChoTtdrus  crispus  is  a  very  important  member  of  both 
the  cool  and  warm-water  sublittoral  formations,  with  preferences  for  the  former;  for, 
although  enduring  the  warm  water  of  the  simimer,  it  grows  most  luxuriantly  in  colder 
temperatures. 

(45)   THE  PHYLLOPHORA  ASSOCIATIONS. 

The  two  species  of  Phyllopkora  have  very  omilar  life  habits;  they  are  rarely  found 
in  the  upper  level  of  the  sublittoral  regkm  and  are  generally  present  only  at  a  con^derable 
depth. 

Pkyllophora  Brodiai  grows  on  stones  and  in  sand  and  mud  and  was  dredged  in 

iK  t<>  '5  fathoms  (most  plentiful  in  4  to  10  fathoms).    It  is  distributed  very  generally 
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throughout  the  Bay  and  Sound  (chart  251),  but  is  most  abundant  off  exposed  stuations, 
as  at  Gay  Head  and  Cuttyhunk,  where  extensive  growths  are  present. 

Phyllophora  membranijolia  is  also  found  on  stones  and  over  sand  and  mud;  it  was 
dredged  in  3  to  17  fathoms  (most  plentiful  in  4  to  10  fathoms).  The  species  is  likewise 
distributed  very  generally  throughout  the  Bay  and  Sound  (chart  352),  but  appears  to 
prefer  rather  more  sheltered  situations  than  Phyllophora  Brodiai. 

Both  species  of  Phyllophora  are  prominent  in  the  cool-  as  well  as  the  warm-water 
sublittoral  formations. 

(46)   THE  AGARDHIBLI.A  ASSOCIATION. 

Agar^iella  tenera  is  very  common  on  stones  and  shells  in  f^rly  deep  water;  it 
grows  in  2  to  15  fathoms  (most  plentiful  in  4  to  10  fathoms).  The  species  is  very  widely 
distributed  throughout  both  the  Bay  and  Sound  (chart  253),  but  prefers  rather  sheltered 
waters  and  is  a  characteristic  member  of  the  warm-water  sublittoral  formation  (b), 
irttere  it  is  commonly  associated  with  Grintiellia  americana. 

(47)  THE  CYSTOCLONIOM   ASSOCIATIONS. 

Cyslochnium  purpurascens  has  a  scattered  distribution  in  both  Bay  and  Sound 
(chart  254).  It  was  found  in  2X  to  13  fathoms  (most  plentiful  in  4  to  10  fathoms) 
attached  to  stones  over  sandy,  shelly,  and  stony  bottoms,  occasionally  over  mud.  The 
species  rarely  forms  extensive  patches  but  is  conspicuous  because  of  its  large  size;  it 
is  found  in  both  the  cool-  and  warm-water  sublittoral  formations. 

Cystoclonium  purpurascens  var.  cifrhosum.  is  abundant  in  the  lower  portitHi  of  the 
Bay  and  westerly  portion  of  the  Sound  (chart  355).  It  was  dredged  ini  to  1 7  fathoms 
(most  plentiful  in  4  to  12  fathoms)  attached  to  stones  and  to  larger  algae  over  a  bottom 
sinular  to  that  of  the  preceding  species.  The  variety  is  much  more  luxuriant  than  the 
species  and  frequently  forms  large  patches  of  vegetation;  it  clearly  prefere  the  condi- 
tions of  the  cool-water  sublittoral  and  is  a  prominent  member  of  that  formation  (a). 

(48)    THE   CHAMPIA   ASSOCIATION. 

Champia  parvula  is  one  of  the  most  widely  distributed  algae  of  the  region,  occa- 
sionally forming  extensive  patches  in  the  Bay  and  Sound  (chart  256).  It  grows  in  i  to  19 
fathoms  (most  plentiful  in  4  to  12  fathoms)  attached  to  stdnes,  Zosiera,  and  larger 
algae,  over  sandy,  shelly,  stony,  and  muddy  bottoms;  it  is  frequently  found  in  shallow 
water  along  the  shore.  The  species  belongs  to  the  warm-water  sublittoral  formation 
(b),  being  found  most  abundantly  in  sheltered  regions. 

(49)    THE   LOMENTAHIA    ASSOCIATIONS. 

Lomettiaria  rosea  is  found  only  off  the  exposed  points  of  Gay  Head  and  Cuttyhunk 
(chart  257).  It  was  dredged  in  4  to  13  fathoms  on  stones,  shells,  and  on  larger  algae,  over 
sandy,  shelly,  and  stony  bottoms.  The  species  is  restricted  to  the  cool-water  sublittoral 
and  although  never  abundant  is  one  of  the  most  characteristic  members  of  this  forma- 
tion (a). 

LomerUaria  uncinata  grows  in  the  sheltered  waters  of  the  Bay  and  Sotmd  (chart  258). 
It  was  dredged  in  i)4  to  15  fathoms  (most  plentiful  in  4  to  10  fathoms)  over  sandy. 
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shelly,  and  stony  bottoms,  and  it  is  also  abundant  in  shallow  water  along  shore.  In 
sharp  contrast  to  L.  rosea,  this  species  is  characteristic  of  the  warm-water  sublittoral 
formation  (b)  and  prefers  sheltered  situations  where  it  frequently  accompanies  Champia 
parvuia. 

(50)    THE    RHODYMENIA    ASSOCIATION. 

Rhodymenia  paimala,  the  dulse,  is  found  chiefly  in  the  lower  portion  of  Buzzards 
Bay  and  westerly  portion  of  Vineyard  Sound  (chart  259).  It  was  dredged  in  i  to  19 
fathoms  (most  plentiful  in  4  to  13  fathoms)  growing  on  stones  and  larger  algx,  over 
sandy,  shelly,  and  stony  bottoms.  A  prominent  member  of  the  cool-water  sublittoral 
formation  (a),  this  large  species  is  conspicuous  for  its  size,  although  the  growths  in  this 
region  are  never  extensive. 

(51)  THE  DELESSERIA  ASSOCIATION. 

Delesseria  sinitosa  is  practically  restricted  to  the  lower  portion  of  the  Bay  and 
westerly  portion  of  the  Sound  (chart  260).  It  grows  on  larger  algse,  such  as  Chondrus 
and  Pkyllophora,  occasionally  on  stones,  and  was  dredged  in  ij^  to  17  fathoms  (most 
plentiful  in  4  to  12  fathoms).  The  species  is  a  member  of  the  small  group  of  algse 
peculiar  to  the  exposed  conditions  off  Gay  Head  and  Cuttyhunk,  and  is  one  of  the 
noteworthy  forms  in  the  cool-water  sublittoral  formation  (a). 

(52)  THE  GRINNELLIA   ASSOCIATION. 

Grimtdlia  americarui  is  almost  universally  distributed  throughout  the  Bay  and  Sound 
(chart  361).  It  was  dredged  in  2  to  19  fathoms  (most  plentiful  in  4  to  12  fathoms)  on 
stones  and  shells,  over  sandy,  shelly,  stony,  and  muddy  bottoms,  but  it  likewise  comes 
dose  to  the  surface,  as  on  piles  of  wharves  (Uttle  Harbor,  Woods  Hole).  Although 
apparently  in  all  r^ons  of  the  sublittoral,  this  species  is  partial  to  the  more  sheltered 
situations,  and  consequently  warmer  waters,  where  it  is  one  of  the  most  characteristic 
and  abundant  forms  together  with  Agardhiella  ienera  and  Champia  parvuia, 

(53)   THE   POLYIDES   ASSOCIATION. 

Polyides  rotundas,  although  never  abundant,  has  a  rather  wide  distribution  in  both 
the  Bay  and  Sound  (chart  262}.  It  is  found  only  in  fairly  deep  water,  i^  to  15  fathoms 
(most  plentiful  in  4  to  10  fathoms),  over  sandy,  shelly,  and  stony  bottoms,  occasionally 
over  mud.  The  species  is  a  member  of  both  the  cool-  and  warm-water  sublittoral  forma- 
tions, and  is  conspicuous  for  its  size,  although  the  plants  grow  in  scattered  groups. 

(54)   THE  CORALLINA    ASSOCIATION. 

Corailina  officinalis  grows  in  dense  patches  over  rocks  in  exposed  dtuations  below 
low-water  mark  and  to  a  considerable  depth ;  the  species  is  widely  distributed  in  the  more 
open  portions  of  the  Bay  and  Sound  (chart  263).  It  was  dredged  in  4  to  lofathoms,  over 
sandy,  shelly,  and  stony  bottoms.  The  associations  of  Corailina  are  generally  so  dense 
that  they  occupy  the  surface  of  their  attachment  to  the  almost  complete  exclusion  (A 
other  algs ;  the  species  is  present  in  both  the  cool-  and  warm-water  sublittoral  formations. 
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(55)  THE    HILDENBRANDIA   ASSOCIATION. 

Hitdenbrandia  prolotypus  is  common  on  stones  and  rocks  near  low-water  mark  and 
extending  into  deep  water,  where  it  grows  in  i^  to  14  fathoms  (most  plentiful  in  4  to 
10  fathoms);  it  is  widely  distributed  in  the  Bay  and  Sound  (chart  264).  The  species  is 
found  in  both  the  cool-  and  warm-water  sublittoral  formations. 

(56)  THB  UTHOTHAMNION  ASSOCIATION. 

Litholhamnion  polymorphum  grows  on  stones  and  shells  in  fairly  deep  water  and  is 
rather  widely  distributed  in  the  Bay  and  Sound  (chart  265).  It  was  dredged  in  2  to  15 
fathoms  (most  plentiful  in  4  to  10  fathoms)  over  sandy,  shelly,  and  stony  bottoms. 
Lithotkamnion,  although  never  found  in  abimdance,  is  present  in  both  the  cool-  and 
warm-water  sublittoral  formations. 

(57)    THB    MBU>BBSIA   ASSOCIATIONS. 

Metobesia  farinosa  is  fairly  common  on  Fvctts  vesiculosus,  Ckondrus,  Pkyllophora,  and 
Zostera  at  low-water  mark  and  below,  being  dredged  in  3>i  to  iij^  fathoms,  at  scattered 
stations  in  the  Sound.     The  species  is  a  member  of  the  warm-water  sublittoral  formation. 

Melobesia  Lejolisii  is  very  abundant  on  Zostera  throughout  the  Bay  and  Sound  in 
both  shallow  and  deep  water;  it  was  dredged  in  2  to  12^  fathoms.  The  species  prefeis 
rather  sheltered  waters,  where  it  may  cover  the  eel  grass  with  a  thin  incrustadon;  it  Is 
characteristic  of  the  Zostera  formation. 

Melobesia  membranacea  is  occasionally  found  on  Ckondrus  and  Pkyllopkora,  generally 
in  exposed  situatioas  as  oSf  Gay  Head,  Cuttyhtmk,  and  Penikese.  It  was  dredged  in 
3}4  to  10  fathoms  and  clearly  belongs  to  the  cool-water  sublittoral  formation. 

Melobesia  pustulata  i?  common  on  Ascophyllum,  Ckondrus,  and  Pkyllophora,  and  is 
present  in  both  shallow  and  deep  water,  being  dredged  in  i^i  to  14  fathoms  off  Gay 
Head,  Cuttyhunk,  and  in  the  easterly  portion  of  the  Sound.  The  species  has  a  scattered 
and  probably  rather  general  distribution  along  the  shore  and  is  a  member  of  both  the 
cool-  and  warm -water  sublittoral  formations. 

THE  COCX^-WATER  SUBUTTORAL  FORMATION. 

The  cool-water  sublittoral  formation  of  the  summer  contains  a  number  of  very 
interesting  and  characteristic  algx,  some  of  which  are  limited  in  their  distribution  to  the 
exposed  waters  off  Gay  Head  and  the  reefs  of  Sow  and  Pigs.  Other  species  have  a  more 
extended  range  throughout  the  lower  portion  of  Buzzards  Bay  and  the  westerly  portion 
of  Vineyard  Sound.  Finally  there  is  a  group  of  species  which,  while  most  abundant  in 
the  regions  described  above,  are  also  found  in  other  portions  of  the  Bay  and  Sound,  where 
they  form  a  part  of  the  sublittoral  flora  characteristic  of  these  more  sheltered,  and  in 
the  summer,  warmer  waters. 

The  species  in  these  lists  preceded  by  an  asterisk  (*)  are  the  larger  or  more  abundant 
forms  which  dominate  the  formation;  species  which  are  rare  or  occasional  are  followed 
by  an  (o) . 

The  most  interesting  and  noteworthy  species  in  this  formation  are  those  which  are 
especially  characteristic  of  the  cold  waters  north  of  Cape  Cod  and  have  been  recorded  only 
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south  of  the  cape  in  exposed  situations  where  they  may  be  expected  to  find  conditions 
approaching  those  of  the  north  coast.     The  list  is  as  follows: 


*Chietomorpba  melagoD 
*Laininaria  digitata. 
*Pluinaria  elegans. 
Rhodomela  subfusca. 


Actinococcus  pelUefonois  (o). 
Gynmogongrus  norvegicus  (o). 
Euthora  crista ta  (o). 
*Loiiieiitaria  rosea. 


•Rhodymenia  palmata. 

•Delesseria  sinuosa. 
Melobesia  membranacea  (u)- 


Aiiother  group  of  species  comprises  those  which  range  both  north  and  south  of  Cape 
Cod;  many  of  them  are  conspicuous  in  the  warm-water  sublittoral  formation  (b).  The 
following  are  prominent: 


Clixtomorpha  linum. 
Cladophora  albida  var.  refracta. 

C,  nipestris. 

lictocarpus  confervoides. 

H.  fasciculatus. 

E.  silicukisus. 
*Dcsmarestia  aculeata. 
■D,  viridis. 

'Dictyosipbon  hippuroides. 
'Chordaria  fiagelliformis. 

Leathesia  diSoimis. 
*Ralfwa  clavata. 


Chorda  filum. 
*Lamiiiaria  Agardhii. 
*!..  Agardhii  var.  vittata. 
*Ceraniium  rubra  m. 

Polysiphonia  atrorubescens  (o). 
•P.  ekmgata. 
•P.  nigrescens. 

P.  nigrescens  var.  fuooides  (o). 

P.  urceolata, 

Actinococcus  subcutaneus. 
*AlinfeIdtia  plicaU. 
*Choitdrus  crispus. 
*Phyllophora  Biodiei. 


*Phy1k>phora  membranifolia. 

Agardhiella  tenera. 
'K^ystockmium  purpurasccns. 
♦Cystoclonium  purpurascens  vi 
cirrhosum . 

Grinnellia  americana, 

Polyides  rotundus. 

Corallina  officinalis. 

HJldenbrandia  prototypus. 

Lithotbamnion  polymorph um 

Melobesia  meiitbraiiacea. 

M.  pustulata. 


Finally  there  is  a  group  of  species  which  are  widely  distributed  in  the  warm-water 
sublittoral.     Chief  among  them  are— 

'  *Speniiothamiiion  Tumcri. 
I    Rhodomela  Rochei. 

The  lists  of  species  in  the  genera  Cladophora  and  Ectocarpus  are  undoubtedly  far 
from  complete,  for  studies  at  other  seasons  of  the  year  would  be  expected  to  give  many 
additions.  It  must  be  remembered  that  we  know  nothing  of  this  formation  in  the  lower 
portion  of  Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound  in  the  winter  and 
spring  when  the  condition?  are  much  more  favorable  for  the  support  of  a  cool-water 
sublittoral  flora. 

The  chief  factor  which  determines  the  cool-water  sublittoral  formation  is  the 
relatively  low  temperature  of  the  bottom  water  during  the  summer  months.  The 
records  of  the  temperatures  off  Gay  Head  and  Cuttyhunk  for  the  summer,  as  well  as  for 
other  seasons  of  the  year,  are  presented  in  a  table  on  page  450,  to  which  the  reader  is 
referred,  it  is  probable  that  the  lowest  winter  temperatures  of  the  bottom  water  at 
these  points  fall  somewhat  below  35°,  and  that  the  highest  summer  temperatures  are 
close  to  60°.  This  represents  about  the  yearly  range  of  the  bottom  temperatures  off 
the  exposed  points  of  Gay  Head  and  Sow  and  Pigs,  and  in  general  of  the  extreme  westerly 
portion  of  Vineyard  Sound  and  the  deeper  water  of  the  lower  portion  of  Buzzards  Bay. 
The  cool-water  sublittoral  formation  may  then  be  said  to  endure  a  maximum  tempera- 
ture of  about  60"  for  a  short  period  in  midsummer,  but  to  live  for  most  of  the  year  at 
temperatures  oondderably  lower.  Its  most  favorable  temperature  is  perhaps  close  to 
50°  or  below.  Whether  essentially  the  same  formation  is  present  during  the  winter 
is  not  known,  but  it  seems  very  probable. 
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THE  WARM-WATER  SUBUTTORAL  FORMATION. 

A  characteristic  wann-water  sublittoral  formation  is  present  during  the  summer 
in  the  more  sheltered  regions  of  the  Bay  and  Sound — that  is,  in  the  upper  portion  of 
Buzzards  Bay  and  in  the  narrow  and  easterly  portions  of  Vineyard  Sound.  The  con- 
ditions in  these  regions  are  much  more  varied  than  in  the  lower  portion  of  the  Bay  and 
the  westerly  portion  of  the  Sound  occupied  by  the  cool-water  sublittoral  formation.  For 
example,  the  conditions  and  flora  of  the  upper  end  of  Buzzards  Bay  are  quite  different 
from  those  around  Woods  Hole.  Further  subdivisions  of  the  warm-water  sublittoral 
formation  could  undoubtedly  be  made  to  advantage,  but  it  would  be  unwise  to  attempt 
to  do  so  on  our  present  information.  Accordingly,  we  shall  treat  the  warm-water 
sublittoral  as  a  very  lai^e  and  widely  distributed  formation,  excluding,  however,  those 
algse  which  are  characteristically  assodated  with  beds  of  Zosiera  in  an  assemblage  called 
here  the  Zostera  formation  (c). 

The  species  in  these  lists  (as  in  those  of  the  cool-water  sublittoral  formation) 
preceded  by  an  asterisk  (*)  are  the  larger  or  more  abundant  forms  which  dominate 
the  formation;  species  which  are  rare  or  occasional  are  followed  by  an  (o). 

The  most  interesting  and  noteworthy  species  in  the  warm-water  sublittoral  forma- 
tion are  those  which  have  not  been  reported  at  all  north  of  Cape  Cod  or  are  present 
there  only  under  exceptional  conditions.     This  list  includes  the  following  spedes: 


S.  Filipendula  var,  subedenta- 


Cladophora.  albida. 

Ectocarpus  granukisus  var.  ten- 
uis <o). 

E.  lutosus  (o). 

E.  HitctiellK  (o)- 

Cladoetephus  spongiosus  (□). 
*C.  verticillatus. 

Rhadinocladia  Farlowii  (o). 

Striaria  attenuata  (o). 
*ArU]rocladia  villasa. 

Elacbista  stellaris  var.  Chords 
(o)- 

Myriactis  pulvinata  var.  minor. 

Stilophora  rhizodes  (o). 

Sargassum  bacciferum  (o,  float- 
ing in  Sound). 
*S.  Filipendula. 

Another  group  of  species  comprises  those  which  range  both  north  and  south  of  Cape 
Cod,  some  of  them  being  also  conspicuous  in  the  cool-water  sublittoral  formation  (a). 
The  list  includes  the  following ; 


A.  plumula  (o). 
Callithamnion      Bailey  i 

*C.  roseum, 

C.  teUagonum. 

Ceramium  botryocaipum 

C.  capri-comu  (o). 
*C,  tenuisdmum. 
•Griffithsia  tenub, 

Pleonosporium  Borreri. 
^Seirospora  Griffithsiana. 


'SperrDothamnion  Tumeri. 
*Spyridia  filamentosa. 

Chondria  dasyphylla. 

C.  sedifolia  (o). 
*PoIysiphonia  fibrillosa. 

P.  vestita  (o). 

Rhodomela  KDchei. 

R.  virgata  (o). 

Actinococcus  aggregatus  (o). 

Gynmogongrus  Griflithsiie  (o). 

Gracilaria  confervoides  (a). 

0.  multipartita. 

'G.  multipartita  var,  anguaUssi- 
ma  (o). 

Hypnea  mucifonnis. 

Lithothamnion  polymorphum. 


Chaetomorpha  liniun. 

Qadophora  albida  var. 

C.  arcta. 

C.  glaucescens. 

C.  gracilis. 

C.  hlrU  (□). 

C.  Rudolphian£:. 


C.  rupestris. 

Biyopsis  bypnoides  (o). 

B.  plumosa  (o). 
'Ectocarpus  confervoides. 
*E.  fasciculatus. 

E.  granulosus 
*E.  siliculosus. 


P>'laiella  Httoralis. 
Sphacelaria  cirrhosa. 
S.  tadicans. 

Punctaria  planti^^ea  (u). 
Desmarestia  aculeata  (o). 
'Desmarestia  viridis. 
Dictyosiphon  hippunjides. 


E.  wliculosus  var.  hiemalis  (o).        Myriothcbia  fillformis. 
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Castagnea  virescens. 
♦Chordaria  flagellifonni 
^Leatheaia  diffonnis. 
^Mesogloia  divaricata. 
*Ral(3ia  clavata. 
•Chorila  filum. 

Laminaria  Agardhii. 

Latninaria    Agardhii 
tata  (o). 

AntithamnioQ 

Cailithamnioii  Bailey i 

C.  byssoldeuni. 

C.  corymbosum. 
*Ceraniiuiii  rubrum. 
•C.  strictum. 
^GriHith^a  Bometiana. 


'Giondria  tenuissima. 

C.  teniiiKima  var.  Baileyana. 
•Dasya  elegans. 

Folysiphcmia  elongata. 

P.  fastigiata  <o). 
*P.  nigrescens. 
•P.  vartegata. 
•P.  violacea. 

ActiDococcus  subcutaneus. 

Ahnfeldtia  plicata. 
*Chondrus  crispus. 
*Phylbptu>ra  Brodisi. 

P.  Brodiiei  var.  catenata  (o). 
*P.  tnetnbranifolia. 

Stertocolax  decipicns  (o). 


•Agardhiella  tenera. 

Cystoclonium  purpurascens. 

C.    purpurascens     var.     cirrho- 

sum  (o). 
*Champta  parvula. 
'Lomentaria  uncinata. 

Rhodymeiiia  palmata  (o). 
*Griime11ia  americana. 

Gbiosipbonia  capillaris  (o). 

Polyides  rotundus. 

0>mlliiia  oflkiiialis. 

Hildenbrandia  prototypus. 

Melobesia  f  arinosa. 

M.  membranacea  (a). 

H.  pustulata. 


The  wann-water  subUttoral  formation  of  the  summer  is  known  not  only  from  the 
dredgings  in  the  deeper  waters,  but  also  from  many  observations  in  the  shallow  waters 
at  a  number  of  points  at  or  near  Woods  Hole,  where  the  algal  flora  along  shore  has 
been  studied  by  the  writer  for  some  ten  summers.  Extensive  studies  along  shore  have 
not  been  possible  in  the  regions  of  the  cool-water  sublittoral  formation  (that  is,  in  the 
lower  portion  of  Buzzards  Bay  and  westerly  portion  of  Vineyard  Sound),  and  the  flora 
of  the  shallow  water  is  known  only  at  a  few  points,  such  as  Gay  Head,  portions  of  Cutty- 
hunk,  and  Penikese. 

It  is  interesting  to  note  that  a  considerable  number  of  species  in  the  above  Usts  are 
restricted  wholly  or  largely  to  shallow  water  in  a  zone  from  low-water  mark  to  a  depth 
of  3  to  6  feet.     The  characteristic  algse  in  this  zone  of  the  upper  warm-water  sublittoral 


are: 

ChEetomorpha  linum. 
Cladophora,  the  species 

above  lists. 
Ectocarpus,  the  apeeiea  : 

above  lists. 
Pylaiella  littoralis. 
Sphacelaria  ciirhosum. 
S.  radicans. 
Punctaria  planttginea. 
Castagnea  virescens. 
Chordaria  fl^elliformis. 


Leather  difFonnis. 
I  the    Mesogkiia  divaricata. 

Ralfsia  clavata. 
I  the    Chorda  filum. 

Callithamnion  Bailey i. 

C.  Baileyi  var.  laxum. 

Ceramium  rubrum. 

Chcmdria  dasyphylla. 

C.  sedifolia. 

C.  tenuissima. 

'.  Baileyana. 


Palysiphouia  f  astigiata. 
P.  fibrilloaa. 
P.  variegata. 
P.  vtulacea. 
Chcmdnts  crispus. 
Cbampia  parvula. 
I^mentaria  tmciaata. 
Gnnnellia  americana  (on 
Melobeua  fariuosa. 
M,  pustulata. 


The  algse  Usted  in  the  Zoslera  formation  (c)  may  also  properly  be  included  in  this, 
the  upper  warm-water  sublittoral  formation. 

The  summer  temperature  of  the  water  is  undoubtedly  the  chief  factor  in  determining 
the  warm-water  sublittoral  formation  as  a  whole.  The  degree  of  exposure  to  wave  action 
or  tide  currents  and  the  character  of  the  attachment  are  of  course  important  factors 
affecting  the  local  distribution  of  the  algx  along  the  shores.  Thus,  the  vegetation  oS 
exposed  points,  as  at  Nobska  or  on  the  ledges  in  the  passage  of  Woods  Hole,  is  subjected 
to  conditions  very  different  from  those  of  neighboring  sheltered  coves.  As  stated  before, 
the  summer  temperature  in  Great  Harbor,  Woods  Hole  (as  shown  by  d^ly  averages 
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covering  the  years  1902-1906),  passes  60"  F.  about  June  i,  holds  between  69*  and  71" 
from  about  July  11  to  August  28,  and  passes  60°  in  its  autumn  decline  about  October  12. 
The  tKtttom  temperatures  were  taken  at  a  larg;e  number  of  stations  in  both  the  Bay  and 
the  Sound  during  the  month  of  August.  They  were  at  this  time  highest  in  the  upper 
portion  of  Buzzards  Bay,  where  71.3°  was  recorded,  while  in  Vineyard  Sound  68.8"  was 
recorded  off  Falmouth,  and  66.9°  off  the  west  end  of  the  Middle  Groimd,  these  temper- 
atures becoming  in  general  lower  toward  the  mouth  of  Buzzards  Bay  and  the  westerly 
portion  of  Vineyard  Sound.  The  warm-water  sublittoral  formation  may,  then,  be  said 
to  endure  a  temperature  of  about  70°  for  midsummer,  and  its  most  favorable  temper- 
ature i'.;  perhaps  close  to  60°  or  above,  although  many  species  live  in  colder  water.  It 
would  be  very  interesting  to  know  to  what  degree  the  place  of  the  warm-water  sublittoral 
is  taken  by  representatives  of  the  cool-water  sublittoral  as  the  temperature  of  the  water 
falls  during  the  autumn.  The  cool-water  sublittoral  might  be  expected  to  invade  the 
narrow  and  easterly  portion  of  Vineyard  Sound  and  the  upper  portion  of  Buzzards  Bay, 
but  we  have  no  data  on  this  problem. 

THE  ZOSTERA  FORMATION. 

There  are  a  number  of  alga  which  have  the  habit  of  growing  frequently  or  inva- 
riably attached  to  Zostera.  They,  together  with  the  eel  grass  itself,  constitute  a  very 
clearly  deiined  assemblage  which  is  here  called  the  Zoslera  formation.  It  is  really  a 
specialized  region  of  the  warm-water  sublittoral  formation,  for  the  eel  grass  vegetates 
during  the  summer  when  the  water  is  warm.  Many  of  the  species  listed  below  will 
consequently  be  found  in  the  lists  of  the  latter  formation  (b). 

Zostera  marina,  the  eel  grass,  is  very  abundant'  in  all  sheltered  regions  of  both  Bay 
and  Sound,  forming  thick  beds  in  shallow  waters.  It  was  frequently  found  at  inshore 
stations  of  the  survey,  and  also  at  scattered  stations  in  deeper  waters  of  the  Bay  and 
Sound  (chart  266),  being  dredged  in  a  to  13  fathoms,  over  sandy,  stony,  and  muddy 
bottoms.  The  eel  grass,  however,  prefers  shallow  water  in  coves  and  bays  or  along 
sheltered  coasts,  where  it  grows  luxuriantly,  developing  extensive  beds  in  depths  of 
2  feet  to  2  fathoms  or  more.  Under  these  conditions  the  formation  described  below 
is  frequently  developed  to  a  greater  or  less  extent.  Species  preceded  by  the  asterisk 
are  the  most  important  forms;  those  which  are  rare  or  occasional  arc  designated  by  (o). 

When  the  Zoslera  grows  in  very  quiet  and  shallow  waters  the  blue-green  alga, 
AnabtBtut  torulosa,  is  common  on  the  mud  at  the  base  of  the  plants,  frequently  breaking 
loose  and  floating  on  the  suriace  as  slimy  masses.  Lyngbya  majuscida  sometimes  forms 
extenave  tufted  growths  and,  breaking  free,  also  floats  on  the  surface.  Other  blue- 
green  algEe  in  the  Lyngbya  salt-marsh  association  (1)  may  be  present.  Hydrocoleum- 
glutinosum  and  Glceocystis  zosl^ricola  form  coatings  on  the  leaves,  and  Enteromorpka 
clathrata,  E.  pitimosa,  with  other  species,  and  sometimes  species  of  Cladophora,  grow  in 
loosely  attached  masses.  These  algae  are  all  forms  which  may  be  expected  in  brackish 
water. 

When  the  eel  grass  grows  in  more  open  or  exposed  situaUons  the  list  of  epiphytes 
includes  species  which  are  never  found  in  brackish  water.  Among  these  the  following 
are  conspicuous: 
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"Cladophora  gracilis  and  occa- 
sionally otiieT  species. 

Ascocyclus  orbicularis  (o). 
*Ectocaipiis  confcrvoides, 

£,  penicillatus. 
"E.  siliculosus. 

Sphacelaria  cirrliosa  (o). 
■Desmotrichum  balticum  (in  the 

spring). 
"D.  undulatum  (in  the  spring), 

Pogotrichnm  filifornie  (o). 
'Punctaria  latifolia. 

Rhadinocladia  Farlowii  (o). 

Giraudia  sphacelarioides  (o), 

Castagne 
*C.  Zosteroe. 


Hecatonema  maculans  (o). 

Myrionema  vulgaie. 

Stilophota  rhiztdes  (o). 

Erythrotrichia  ceramioola. 
•Porphyra  leucosticta  (in  the 
spring). 

Chantransia  secundata. 
■C.  vi:gatula. 

Antitbamnion  cniciatum  (in 
deep  water). 

Callithamnion  Bailey  i. 

C.  Baileyi  var.  laxum. 
*C.  bysaoideum. 
•C.  corymbosum. 

"Ceramiumfastigiatum. 


•Seiiospora  GriHithsiana. 
"Spyridia  Ulamentosa  (o). 

Chondria  dasypliytia  (o). 

Cbondria  sedifolia  (o). 
*Dasya  elegans, 
•Polysiphonia  Harveyi. 
•P.  OIneyi. 

P.  variegata  (o). 

Rhododemiis  Georgii  (a). 

Melobesia  farinosa. 
•M.  Lejolisii. 


The  Zoslera  formation  endures  temperatures  considerably  higher  than  those  i^ven 
for  the  range  of  the  warm-water  sublittoral,  especially  where  the  eel  grass  grows  in 
coves  or  other  sheltered  stations.  Such  waters  may  rem^n  above  70°  F.  for  many 
days,  probably  at  times  reaching  as  high  as  75°  to  78°.  These  conditions  as  to  heat 
are  the  most  extreme  of  any  in  this  region,  except  of  course  the  small  brackish  pools 
and  ditches  of  the  salt  marshes. 


A  WINTER  SUBUTTORAL  FORMATION. 

It  is  clear  that,  as  the  temperature  of  the  Bay  and  Sound  falls  during  the  auttmm, 
the  conditions  become  less  favorable  for  the  warm-water  sublittoral  flora.  Many  spedes 
characteristic  of  waters  south  of  Cape  Cod  pass  out  of  season,  although  certain  species 
which  may  be  said  to  endure  the  summer's  heat  are  at  their  best  in  the  winter  season. 
A  cold-water  winter  sublittoral  formation  is  thus  developed,  which  extends  throughout 
the  Bay  and  Sound,  reaching  its  best  development  probably  in  the  late  winter  and  early 
spring. 

We  know  nothing  of  this  winter  and  spring  flora  in  the  deeper  waters  of  the  Bay 
and  Sound.f  or  there  have  been  nodredgings  for  algje  at  these  seasons.  The  cool-water  sub- 
littoral formation  of  the  lower  portion  of  the  Bay  and  westerly  portion  of  the  Sound  would 
be  expected  to  enter  the  more  sheltered  regions  occupied  by  the  warm-water  sublittoral 
during  the  summer,  but  how  far  it  may  extend  is  a  matter  of  conjecture.  Undoubtedly 
species  appear  which  are  not  present  in  either  Bay  or  Sound  during  the  summer,  some 
probably  developing  from  resting  spores  that  carry  the  fonns  through  the  summer,  and 
others  coming  in  by  means  of  spores  brought  from  a  distance. 

It  is  probable  that  numbers  of  northern  species,  the  spores  of  which  might  be  brought 
from  a  distance,  would  be  able  to  establish  themselves,  develop  to  maturity,  and  perhaps 
pass  through  several  generations  before  the  temperature  rises  sufficiently  in  the  spring 
to  put  an  end  to  their  growth.  Species  of  Cladophora,  Ectocarpus,  and  other  rapidly 
growing  green  and  brown  algx,  reproducing  by  zoospores,  are  admirably  fitted  for  a 
periodical  winter  inva^on,  and  some  of  the  smaller  red  algae  which  mature  quickly 
would  also  be  expected  to  take  part  in  such  a  migration. 

Some  observations  on  the  algal  vegetation  along  shore  in  shallow  water  have  been 
made  during  the  winter  and  spring,  and  if  these  are  indices  of  the  general  change  through- 
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out  the  sublittoral,  the  flora  of  the  bottom  of  the  Bay  and  Sound  must  be  very  different 
indeed  from  that  of  the  summer.  Especially  interesting  are  the  series  of  studies  of 
the  flora  erf  Spindle  Rocks,  Woods  Hole,  which  were  made  at  intervals  throughout  a  12- 
month  cycle  in  1904  and  1905.  These  are  described  in  the  next  section  of  this  paper. 
Such  intensive  studies  over  long  periods  of  time  are  very  much  to  be  desired  to  determine 
the  seasonal  changes  in  algal  floras. 

We  give  below  a  list  of  the  alga;  so  far  known  to  be  present  in  the  cold-water 
sublittoral  formation  of  the  winter  and  spring:  - 


Monostroma  Grevillei. 
Ulva  Lactuca. 
Chsetomorpha  Linum. 
Cladophora  arcta. 

C.  lanosa  var.  uncialis, 

Derbesia  vaucherifefonnis. 

Ectocarpiu  scidioidea. 

E.  coiifervoides. 

E.  elegana. 

E.  fasciculatus. 

E.  granulosus. 

E.  ovatus. 

E.  penicillatus. 

E.  siliculosus. 


Desmotrichum  balticum. 

D.  undulatum. 
Pogotrichum  filiforme. 
Punctaria  latifolka. 
P.  plantaginea. 
Desmarestia  viridis. 
Dictyosiphon  f  iziuculaceus. 
Giraudia  sphacelarioides. 
Castagnea  vireacens, 
Chordaria  Sagelliformis. 
Hecatonema  maculans. 
MyrioneE 
M.  vulgare. 


Pylaiella  HttMalis. 
Sorocarpus  uvteformb. 
Asperococcus  echinatus. 


Latninaria  A^ardliii- 
Haplospora  globosa. 
Scaphospora  Kingii. 
Etythrotrichia  ceramicola. 
Pofphyra  laciniata. 


P.  l«ucosticta, 
Chaatiansia  secundata. 
C.  virgatula. 

Antithamnion  americanur 
Call  ith  amnion  Baileyi. 
Ceramium  rubrum. 
Polyaiphonia  fast^iata. 
P.  nigrescens. 
P.  urceolata. 
Rhodomela  Rochei, 
R,  subfusca. 
Ahnfeldtia  plicata. 
Chondrus  crispu& 
Sterrocolax  declpiens. 
Rhodymenia  palmata. 
Gloiosiphonia  capillaris. 
Rhododennis  Georgii. 


The  cold-water  sublittoral  formation  accepts  a  winter  temperature,  which  for  at 
least  two  and  a  half  months  probably  averages  under  35°  F.,  as  indicated  by  the  records  for 
Great  Harbor,  Woods  Hole  (the  average  temperature  between  December  25  and  March 
15  for  the  years  1902-1906  was  below  35°).  Many  of  the  species  of  this  formation  reach 
their  best  vegetative  condition  and  fruit  during  the  spring,  and  then  pass  out  of  season. 
During  this  period  the  temperature  of  the  water  rises  steadily,  passing  60"  about  June  1. 

THE  LITTORAL  FORMATIONS. 

As  has  been  stated  before,  the  algal  growths  in  the  littoral  region  are  not  very 
striking  in  the  immediate  vicinity  of  Woods  Hole,  chiefly  for  these  reasons,  (i)  that  the 
tides  are  small,  (3)  that  the  shore  line  is  very  broken,  (3)  a  marked  boreal  flora  is 
absent,  and  (4)  the  scraping  of  floating  ice  in  the  winter  prevents  the  development  of 
an  extensive  littoral  flora  at  this  season.  Neighboring  coasts  exposed  sufficiently  as  to 
be  free  from  floating  ice,  as  at  Cuttyhunk,  have  heavy  growths  of  algae  in  the  winter,  but 
there  have  been  no  opportunities  for  thorough  studies  at  this  season.  These  growths 
are,  however,  undoubtedly  composed  largely  of  rockweeds  (Fncus  and  Ascophyllum). 

The  littoral  formations  of  the  different  seasons  at  Woods  Hole  are  of  a  very  spotted 
character,  rarely  t>eing  so  extensive  as  to  attract  attention  and  generally  breaking  up  at 
once  into  small  associations.  Of  these  the  following  are  at  times  very  evident:  The 
Caiothrix  associations  (3),  the  Rivularia   associations  (4),  the  Pleurocapsa  association 
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(5},  the  Ulva,  Enteromorpha,  and  Monoslroma  associations  (6),  the  Ulothrtx  associations 
{7),  the  Phyllilis  and  Scytosiphon  associations  (15),  the  Fitcus  and  Ascophyllum  associa- 
tions {25),  the  Bangia  association  (27),  the  Porphyra  association  (28),  the  Nemalion 
association  (30). 

THE  PLANKTON. 

The  only  studies  on  the  plant  life  present  in  the  plankton  of  the  region  covered  by 
the  survey  have  been  those  of  Peck  (1894  and  1896),  chiefly  in  relation  to  its  value  as  a 
source  of  food,  especially  for  the  menhaden.  In  his  second  paper  Peck  (1896,  p.  356) 
records  his  observations  on  the  plankton  of  Buzzards  Bay,  describing  and  iiguring  a  num- 
ber of  microorganisms  belonging  to  the  Peridinales  and  BaciUariales  (Diatomales), 
together  with  animal  forms.  His  studies  were  quantitative  rather  than  qualitative, 
and  the  identification  of  his  material  as  regards  plant  life  was  only  partial,  but  it  is 
clear  that  the  plankton  of  these  regions  is  very  abundant  and  widespread,  as  would  be 
expected  of  warm,  shallow  bodies  of  water. 
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Chapter  IV.— A  REPORT  ON  THE  ALGM  OF  SPINDLE  ROCKS.  WOODS  HOLE 
HARBOR. 

That  many  algse  have  well-defined  seasons  of  vegetative  growth  is  well  known,  but 
there  have  been  very  few  detailed  or  intensive  studies  of  particular  regions  covering 
sufSdently  long  periods  to  give  important  conclusions.  It  is  certain,  however,  that 
there  are  seasonal  floras  which  follow  one  another  over  the  same  area  in  much  the  same 
manner  as  terrestrial  floras.  This  study  was  undertaken  in  the  hope  that  observations 
on  a  particular  group  of  rocks  at  Woods  Hole  at  various  seasons  might  bring  out  some 
important  facts  on  the  life  habits  of  the  algae  of  this  region. 

The  rocks  selected  for  the  study  seemed  particularly  well  adapted  for  the  purpose. 
They  were  a  group  of  bowlders  called  by  the  writer  Spindle  Rocks  because,  lying  off 
Grassy  Ledge  at  the  entrance  to  the  ship  channel  in  the  passage  of  Woods  Hole,  they 
bore  a  light  on  an  iron  spindle.  Unfortunately  for  the  continuation  of  the  work,  the 
rocks  were  removed  during  the  summer  of  1906  by  dredging  operations  of  the  Govern- 
ment to  widen  the  ship  channel,  and  the  spindle  was  shifted  to  another  position. 

The  destruction  of  the  old  group  of  rocks  of  course  ended  the  observations,  which 
had  been  in  progress  for  15  months,  beginning  in  the  summer  of  1904  and  extending 
through  the  summer  of  1905.  The  studies  over  this  period,  however,  are  of  considerable 
interest,  since  they  cover  the  seasonal  changes  of  one  entire  year.  They  are  illustrated 
by  8  charts,  which  are  selected  from  a  series  of  10  made  during  this  period. 

Spindle  Rocks,  as  shown  on  the  charts  (267-274),  was  a  group  of  10  bowlders,  the 
smallest  having  a  length  of  about  5  feet  and  the  largest  of  about  9 j^  feet.  Some  portion 
of  each  rock  was  exposed  at  low  water  and  all  of  the  rocks  were  covered  at  high  tide.  The 
rocks  lay  to  the  north  or  right  of  the  entrance  to  the  ship  channel  leading  through  the 
passage  from  Woods  Hole  Harbor  to  Buzzards  Bay  and  were  an  outlying  portion  of 
Grassy  Ledge.  The  rocks  were  exposed  to  very  swift  tide  currents,  which  flow  through 
the  channel  at  a  rate  of  5  to  8  miles  an  hour.  The  ledge  fell  off  abruptly  on  all  sides, 
but  between  the  rocks  the  depth  was  i  to  6  feet.  The  outlines  of  the  bowlders  were 
plotted  in  a  chart  showing  their  form  and  position  as  viewed  from  above.  The  low- water 
mark  was  sketched  for  each  rock  by  a  dotted  line,  and  above  it  two  other  lines  indi- 
cating tide  marks  2  and  5  inches,  respectively,  above  low  water.  A  plate  was  made  from 
[he  original  drawing  and  charts  were  printed  to  be  used  for  making  the  records.  In  the 
work  of  preparing  this  chart  the  writer  received  much  assistance  from  Mr.  F.  W.  Cushwa. 

The  study  was  concerned  entirely  with  the  flora  over  the  tops  of  the  rocks  and 
below  low-water  mark  to  a  depth  of  3  to  6  feet.  Each  species  was  given  a  number,  and 
charts  were  plotted  at  intervals,  the  numbers  with  accompanying  notes  showing  the 
position  and  abundance  of  the  algte  over  the  rocks.  It  was  found  most  convenient  in 
practice  for  two  persons  to  take  the  record  of  the  ledge,  one  making  the  examination  and 
the  other  recording  by  number  on  the  printed  chart  the  position  of  each  species.  At 
the  end  of  the  study  the  list  of  species  was  arranged  in  the  order  adopted  in  the  Catalogue, 
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necessitating  a  new  set  of  numbers,  which  were  substituted  for  the  old.     In  all,  50 species 
were  recorded  on  the  rocks  during  the  15  months'  study,  the  list  being  as  follows: 

List  of  alga  jowid  on  Spindle  Rocks. 

CYANOPHYCE*. 


CHLOROPHYCE*. 


3.  Ulothrix  implexa. 

4.  Ulva  Lactuca. 

5.  Ulva  Lactuca  var.  rigida. 

6.  Enteromorpha  crinita, 

7.  Enteromotpba  intestinal  is. 


.  Ectocarpus  tecidioides. 

.  Ectocarpus  confervotdes. 

.  Ectocarpus  fasciculatus. 

,  Ectocarpus  granulosus. 


I.  Ectocarpus  penicillatus. 

I,  Ectocarpus  siliculosus. 

I,  Ectocarpus  tomentosus. 

.  Sorocaipus  uvfeformis, 

.  Desmotrichum  batticum. 

.  Desmotrichum  undulatum. 

..  Phyllitis  fascia. 


37.  Poqjbyra  laciniata. 

38.  AcFochEctium  secundatum. 

39.  AcrochEetium  virgatulum. 

40.  Nemalion  multifidum. 

41.  Callithamnion  Baileyt. 

42.  Callithamnion  coiymbctsum. 
4;.  Ceramium  rubrum. 


8.  Enteromorpba  prolifera. 

g.  Cladopbora  gracilis. 

10.  Cladopbora  lanosa. 

ti.  Chodophora  lanosa  var,  uncialis. 

11.  Codiolum  gregarium. 


PH^OPHYCE*. 


2;.  Punctaria  plantaginea. 
z6.  Scytoupbon  lomentarius. 
37.  Desmarestia  viridis. 
98.  Chordaria  flagelliformis. 
39.  Mesogloia  divaricata. 

30.  Myrionema  corunns. 

31.  Chorda  filum. 

33.  Chorda  tomentosa. 

33.  I,aminaria  Agardhii. 

34.  Laminaria  Agardhii  var.  vi 

35.  Fucus  vesiculosus. 

36.  Sargassum  Filipendula. 


RHODOPHVCE*. 


44.  Chondria  dasyphylla. 

45.  Bas>'a  elegans. 

46.  Polysiphonia  fibrillosa. 

47.  Poly^phonta  urceolata. 
4S,  Polyuphonia  violacea. 

49.  Chondrus  crispus. 

50.  Cbampia  parvula. 


The  detailed  records  of  the  accompanying  eight  charts  (no.  267-274)  have  been 
given  in  the  legends,  and  it  is  only  necessary  in  this  account  to  present  the  most 
important  conclusions  from  the  study  of  the  rocks  throughout  the  seasons. 

During  the  winter  the  tops  of  the  rocks  were  scraped  perfectly  bare  of  vegetation, 
and  even  of  barnacles,  by  the  floating  ice  carried  back  and  forth  through  the  channel 
bj'  the  swft  tides."  The  conditions  at  the  end  of  the  winter  of  1905  are  shown  in  chart 
267,  recorded  March  17,  1905.  It  is  interesting  to  compare  this  chart  with  chart  274, 
of  December  30,  1^04,  which  shows  algse  well  distributed  over  the  upper  portion  of 
almost  every  rock.  That  vegetation  had  Ijeen  entirely  swept  away  in  the  two  and  one- 
half  months  elapsing  between  the  two  records,  and  no  algae  had  as  yet  formed  a  per- 
ceptible new  growth.     This  history  is  probably  that  of  every  bowlder  along  the  shore 
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when  exposed  to  similar  ice  scraping  and  shows  clearly  why  the  littoral  flora  in  mid- 
winter is  so  little  developed  in  this  region.  Returning  to  chart  267,  it  will  be  seen  tbat 
the  algae  were  all  below  low-water  mark,  the  most  conspicuous  forms  being  Ceramium 
nibrum  (43)  and  Ckondrus  crtspus  {49),  forming  a  zone  around  the  rocks. 

The  group  of  rocks  a  month  later  presented  a  very  different  aspect,  as  shown  in 
chart  268.  recorded  on  April  22.  Cladophora  lanosa  var.  utKialis  (11)  had  appeared  in 
considerable  quantity  near  low-water  mark.,  and  somewhat  lower  down  was  an  imperfect 
zone  consisting  of  young  growth  of  Pkyllitis  fascia  (24}  and  Scytosipkon  lomentarius  (26), 
Polysiphonia  urceolala  (47)  had  appeared  well  below  low-water  mark  and  was  the  most 
conspicuous  member  of  a  zone  of  red  algae,  including  Ceramium  rubrum  (43)  and  Ckondrus 
crispus  (49).  There  were  present  Sorocarpus  uvcejormis,  four  species  of  Ectocarpus,  and 
the  two  species  of  Desmotrickum,  all  new  to  the  rocks,  showing  how  quickly  such  aJgx, 
reproducing  by  zoospores,  may  establish  themselves.  A  notably  new  form  was  Chorda 
tomentosa  (32),  which  had  begun  to  appear. 

Chart  269,  recorded  May  22,  shows  the  conditions  after  another  month,  and  when  the 
spring  flora  was  at  its  full  development.  Cladophora  lanosa  var.  unciaiis  (11)  was  still 
the  dominant  green  alga,  but  Enteromorpka  inlestinalis  (7)  had  begun  to  appear,  and  these 
two  alga  had  extended  the  green  zone  much  higher  on  the  rocks  than  at  the  previous 
date,  April  22  (chart  268).  The  brown  zone  at  low-water  mark,  composed  chiefly  of 
Eclocarpus  penicillatus  (18),  Phyllilis  fascia  (24),  Scytosipkon  lomentarius  (26),  and 
Chordaria  flagclliformis  (28),  was  much  more  evident.  Polysiphonia  urceolala  (47)  was 
very  conspicuous  in  the  zone  of  red  algse  below  the  brown.  Chorda  iomeniosa  (32)  was 
abundant. 

Conditions  were  very  greatly  changed  after  another  month,  as  shown  in  chart  270, 
recorded  June  29,  the  spring  flora  having  given  place  to  the  beginning  of  the  summer 
flora.  Cladophora  lanosa  var.  unciaiis  had  entirely  disappeared,  and  the  prominent 
green  zone  above  low-water  mark  was  composed  of  Ulothrix  implexa  (3)  and  Enteromorpka 
intestinaiis  (7},  with  young  growths  of  Ulva  Lactiua  var.  rtgida  (5).  The  brown  zone 
near  low-water  mark  was  now  chiefly  Scytosipkon  lomentarius  {26)  and  Chordaria  fiagel- 
liformis  (28) ;  Pkyllitis  fascia  was  represented  by  only  a  few  old  plants  and  Ectocarpvs 
penicillatus  had  disappeared.  The  other  species  of  Eclocarpus,  Desmotrickum,  and 
Sorocarpus  uvcEJormis,  as  well  as  Chorda  tomentosa,  were  also  no  longer  present.  Polysi- 
phonia urceolala  had  disappeared,  its  place  being  taken  by  Polysipkonia  iHolacea  (48), 
which  with  Ceramium  rubrum  (43)  and  Ckondrus  crispus  (49)  chiefly  composed  the  zone 
of  red  algE  below  the  brown  zone.  Nemaiion  multifidum  (40),  a  characteristic  summer 
species,  had  begun  to  appear  at  and  above  low-water  mark. 

The  typical  summer  flora  is  shown  on  chart  271,  recorded  July  22.  The  conspicuous 
green  alga  was  Ulva  Lactuca  var.  rigida  (5),  growing  in  large  patches  with  other  green 
algte  in  small  quantities.  There  was  a  well-defined  brown  zone  just  above  low  water 
composed  chiefly  of  Chordaria  flagelliformis  (28)  and  Scytosipkon  loipenJariu^  (26),  both 
bearing  Ectocarpus  confervoides  (14)  as  a  conspicuous  epiphyte;  Pkyllitis  fascia  had  dis- 
appeared. Nemaiion  multifidum  (40)  was  now  plentiful,  fringing  the  rocks  at  low-water 
mark.  Below  the  brown  zone  and  mixed  with  it  were  abundant  growths  of  Ceramium 
rubrum  {43),  Polysipkonia  violacea  (48),  and  Ckondrus  crispus  (49).  Chart  272,  recorded 
September  2,  is  similar  to  chart  271 ,  but  with  certain  features  more  pronounced.    The  most 
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prominent  zone  (much  more  conspicuous  than  in  chart  27 1 )  was  just  below  low  water  and 
composed  of  Ceramium  rubrum  (43)  and  Potysiphonia  violacea  (48),  these  two  forms 
having  taken  the  region  formerly  occupied  by  the  brown  zone.  Chart  273,  recorded  Sep- 
tember ig,  1904,  a  year  previous  to  the  last,  is  interesting  because  there  was  no  Chordaria 
flagdliformis  that  season  and  very  little  Polysiphonia  violacea,  but  an  abundance  of 
Polysiphonia  fibrillosa  {46),  which  took  the  place  of  the  first  two  species,  forming  with 
Ceramium  rubrum  (43)  a  dense  zone  below  low-water  mark. 

The  conditions  at  the  beginning  of  the  winter  and  before  the  rocks  were  scraped 
by  floating  ice  are  shown  in  chart  274,  recorded  December  30,  1904.  This  chart  in  the 
sequence  follows  chart  273,  of  September  19, 1904,  and  precedes  chart  267,  of  March  17, 
1905,  by  two  and  one-half  months.  The  prevailing  green  alga  was  Cladophora  lanasa 
var.  uncialis  (11),  which  had  taken  the  place  of  Uha  Lactvca  var.  rtgida  (5),  so  abundant 
in  the  summer,  but  now  only  represented  by  the  bases  of  old  plants.  The  brown  zone 
was  composed  of  Pkyllitis  fascia  (24)  and  Scylosiphon  lomenlarius  (26);  there  was  no 
Chordaria  flagellijormis.  Ceramium  rubrum  (43)  was  abundant  below  the  brown  zone 
but  Polysiphonia  fibrillosa  (46)  had  almost  disappeared.  Two  species  of  Eclocarpus  were 
present,  together  with  several  other  epiphytic  brown  and  red  algx. 

A  close  study  of  this  series  of  charts  will  show  very  graphically  the  general  nature 
and  extent  of  the  seasonal  changes  that  must  take  place  on  very  many  ledges  and  groups 
of  rocks  along  the  coast,  and  similar  seasonal  changes  would  be  expected  wherever  there 
is  a  well-developed  littoral  and  sublittoral  flora  near  low-water  mark.  Intensive  studies 
of  this  character  of  well-chosen  situations  are  far  more  important  for  our  knowledge  of 
seasonal  habits  and  algal  successions  than  random  collecting  undertaken  along  the  shore. 
It  is  much  to  be  desired  that  such  work  be  systematically  undertaken  by  those  in  a 
position  to  make  detailed  records  over  extended  periods.  Perhaps  this  brief  record  of  a 
study  (abruptly  terminated  by  the  destruction  of  the  selected  station),  which  shows 
such  interesting  results,  will  lead  others  to  make  similar  investigations. 

In  conclusion  we  wish  to  acknowledge  our  indebtedness  to  Miss  Lillian  J.  MacRae, 
who,  with  the  assistance  of  Mr.  Collins,  made  the  records  of  several  charts  at  seasons 
when  it  was  impossible  for  us  to  be  at  Woods  Hole. 
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Chapter  v.— THE  DISTRIBUTION  OF  THE  MARI^E  ALG^  IN  THE  DEEPER 
WATERS  OF  BUZZARDS  BAY  AND  VINEYARD  SOUND. 

By  the  deeper  waters  of  Buzzards  Bay  and  Vineyard  Sound  are  meant  the  depths 
of  2  fathoms  or  more,  thus  excluding  the  coast  hne  between  tide  marks  and  the  shallows 
just  below.  The  reader  is  referred  to  the  "Description  of  dredging  stations  occupied 
during  present  Survey,"  section  i,  page  30i,  of  this  report,  for  detailed  information  as 
to  th^  position  of  the  stations,  dates  of  the  dredgings,  depths,  etc.,  which  it  is  umieces- 
sary  to  specify  in  this  general  account. 

The  varied  character  of  the  bottom  of  Buzzards  Bay  and  Vineyard  Sound  is  respon- 
fflble  for  many  peculiarities  of  the  algal  vegetation.  There  are  reefs  of  large  bowlders  off 
certain  exposed  points,  but  frequently  the  bottom  in  such  situations  is  composed  chiefly 
of  rounded  pebbles  of  various  sizes.  Then  there  are  regions  of  gravel  often  mixed  with 
shells  and  shell  fragments,  and  large  tracts  of  sand  which  are  veritable  deserts  as  far  as 
plant  life  is  concerned.  Finally,  there  are  some  very  extendve  regions  of  black  mud, 
especially  characteristic  of  the  upper  portions  of  Buzzards  Bay;  these  are  likewise  very 
barren  of  plant  life,  except  where  beds  of  Zostera  marina  are  present  in  relatively  shallow 
water.  These  characteristics  are  fully  described  in  section  i,  chapter  ii,  pages  29-33, 
and  are  graphically  shown  on  chart  227. 

The  lists  of  species  are  arranged  after  the  plan  in  Collins'  "Preliminary  Lists  of 
N*ew  Kngland  Plants:  V.  Marine  Algte,"  Rhodora,  volume  11,  page  41,  1900.  That  is, 
they  are  grouped  alphabetically  in  the  order  of  the  Chlorophyceje,  Phasophycete,  and 
Rhodophyceae.  By  far  the  greater  number  of  species  in  the  deeper  waters  belong  to  the 
Rhodophyceae,  the  Phaophyceae  coming  next  in  number,  and  the  Chlorophyceae  claim- 
ing only  a  small  proportion. 

The  dredgings  of  the  survey  fall  into  two  groups,  (i)  those  in  the  middle  regions  of 
the  Bay  and  Sound,  at  some  stations  within  one-fourth  of  a  mile  from  the  shore,  but 
generally  in  water  of  5  fathoms  or  more  in  depth,  and  (2)  those  "inshore,"  i.  e.,  imme- 
diately skirting  the  coast  line  in  water  sometimes  as  shallow  as  2  fathoms.  The  material 
in  this  account  will  for  geographical  reasons  be  grouped  under  the  following  headings: 

1.  The  middle  regions  of  Buzzards  Bay, 

2.  The  middle  r^ons  of  Vineyard  Sound. 

3.  Certain  inshore  regions  of  particular  interest. 

4.  Some  statistics  relative  to  the  distribution  of  algx  in  Buzzards  Bay  and  Vineyard 
Sound. 

I.  THE  MIDDLE  REGIONS  OF  BUZZARDS  BAY. 

Buzzards  Bay,  for  convenience  in  this  account,  has  been  divided  into  an  upper  and 
lower  portion  by  a  line  ininning  from  the  vaest  end  of  Naushon  (Robinsons  Hole)  to 
Round  Hifl  Point. 

The  upper  portion  of  Buzzards  Bay  in  the  middle  regions  has  a  very  scanty  algal 
flora.  This  is  easily  accounted  for  by  the  character  of  the  bottom,  which  for  the  most 
480 
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part  consists  of  mud  or  fine  muddy  sand.  Mud  and  fine  sand  furnish  poor  attachment 
for  algae,  and  their  shifting  nature,  especially  when  disturbed  by  storms  and  tide  currents, 
give  conditions  very  unfavorable  for  algal  growth.  The  water  is  relatively  shallow  in  this 
region,  occasionally  more  than  7  fathoms  deep,  but  generally  under  6  fathoms.  The 
following  species  were  found  growing  in  the  upper  portion  of  the  Bay,  the  numbers  refer- 
ring to  Fish  Hawk  stations : 


i.  763^. 


Arthrocladia  villosa,  7653,  few. 

Cbordaria  flagelliformis,  7653  and  76s4'  t*"- 

Desraarestia  aciUeata,  7653  and  7655,  few, 

Desmarestia  viridis,  7653  many;  7634,  few. 

Laminaria  Agardhii,  7653  and  7654,  few. 

Ralfsia  clavata,  7G39,  few. 

Sargassum   Filipendula.   763a  (1907),   7639,   and 

7654.  few. 
Agardhiella  tenera,  7615,  7632,  7645,  "7648,  7649, 

and  7650,  few. 
Callithamnkin  Baileyi,  7653,  few. 
Ceramium  tenuissimum,  7659,  few. 
Champia  parvula,  7610  (1907),  7653  and  7654,  taany; 

7630  (1907).  7648  and  7651  (1907),  few. 
Cystocloniiun  purpurascens,  7653  and  7654,  few. 
Cystoclonium  purpurascens  var.  cirrliosum,  7639 

and  7653,  few. 
Dasya  elegans,  763*,  few. 

The  lower  portion  of  Buzzards  Bay  presents  conditions  more  varied  than  the  upper 
portion.  The  depth  is  generally  over  8  fathoms,  and  all  of  the  stations  of  the  greatest 
depth  in  the  Bay  (10  to  19  fathoms)  are  found  in  this  region.  The  nature  of  thetiottom 
changes  near  the  entrance  of  the  Bay  from  mud  and  sand,  characteristic  of  the  upper 
portion,  to  gravel  and  stones,  present  at  a  number  of  stations  (7664,  7665,  7666,  7667, 
7670,7671,7672,7673).  This  is  a  much  more  favorable  bottom  for  algs,  and  the  number 
of  species  and  total  quantity  of  vegetation  are  very  much  greater  than  in  the  upper 
portion  of  the  Bay.     The  following  species  were  found  in  the  lower  portion  of  the  Bay: 


Griffitbsia  t< 

Grinnellia  americana,  7611.    7638,7639  and  7648, 

many;  7613,  7624,  7623.  7630'  lf>3'-  1^34,  7635, 

7639,  7649  and  7653,  few. 
Li thoth amnion  polymorphum,  7611,  few. 
Lomentaria  uncinata,  7631  and  7653,  few. 
Phyllophora  BrDdioei,  7610,  7611,  7613,  7614,  7615, 

7617,  7618,  7627  and  7654.  few. 
Phyllophora    membranifolia,    7635,     many;   761a 

(1907),  7621  (1907),  7630, 7630  (igo?)-  763'.  763a. 
and  7639  (1907),  few. 
RjlyHphonianigrescens,  7648, 7654,and  7655,  many; 
7610,  761S.  7636.  7637.  7638.  7639.  7649.  and  7630, 

R>lysiphonia  variegate,  7632,  few. 
Rhodomela  subfusca,  7639  and  7652,  few. 
Rhodymenia  palmata,  7653  and  7656,  few. 


Chorda  filum,  7656,  few. 

Chordaria  flageUifannis,  7656,  many;  7667,  few. 

Desmarestiaaculeata,  7656, 7657,7661, and  7671, few. 

Desmarestia  viiidis,  7665,  few. 

Dictyosiphon  hippmoides,  7656,  many. 

Hctocarpus  fasiculatus,  7656,  many. 

Laminaria  Agardhii,  7656  and  7657,  many;  7660, 

766*,  and  7663,  few. 
Laminaria  Agardfaii  var.  vittata,  7670,  many;  7664, 

7665,  7666,  7667,  and  767:,  tew. 
Ralfsia  clavata,  7671,  few. 
Sargassum  Filipendula,  7657,  few. 
Agardhiella  tenera,  7661,  few. 
Ahnfeldtia  plicata,  7656,  few. 
Antithanmion  cruciatum,  7671,  few. 
Callithamnion  Baileyi,  7656,  many. 
Ceramium  nibnun,  7656.  many;  7665and 767a,  few. 
16269°— Bull.  31,  pt  1—13 31 


Champiaparvula,  7661, 7662,  and  7663,  many; 7656, 
7657,  7664,  7668,  7670,  7671,  and  7671,  tew. 

Chondrus  crispus,  7656  and 7659, many;  7663,  7665, 
7668,  7670,  7673,  and  7673,  tew. 

Corallina  officinalis,  7663,  many. 

Cystoclonium  purpurascens,  7656,  7659.  and  7660. 

Cystoclonium  purpurascens  var.  cirrhosum,  7651 
C1907),  7656,  7659,  7662  (1907),  7664,  ;666,  767a, 
and  7673,  few. 

Dasya  elegans,  7656,  7666,  7674,  and  7675,  few. 

Delesseria  sinuosa,  7664,  few, 

GrinncUia americana,  7671,  many;  766a,  7661,  7663, 
7670,  and  7675,  few. 

Ijthothamnion  polymorphum,  7659,  few. 

Lomentaria  uncinata,  7671  and  7675,  few. 

Melobesia  membranacea,  7671,  many. 
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Pbylloptiora  BrodisEi,  7656,  many;  7663,  7671  and  Folysiphonia  nigrescens,  7659,  many;  7656,   7664, 

7673,  few.  7666,  7668,  and  7671,  few. 

Phyllophora  membranifolia,  7659  and  7662.  many;  Folysiphonia  urceoiata,  7670,  7673,  and  7675,  few. 

7657,  7660,  7663  {1907),  7664,  7666,  767*  (1907),  Folysiphonia  vblacea,  7664,  tew. 

and  7675,  few.  Rhodomela  subfusca,  7656  and  7667.  few. 

Pleonosporium  Boireri,  7675,  few.  Rhodymenia  palmata,  766^,  7665,  7666,  7667,  7670, 
Polyides  rotundus,  7651},  many;  7660  and    7666'       and  7671,  few. 

few.  Seirospora  Griffithsiana,  7660,  few, 

Folysiphonia  elongata,  7656,  76&1  (1907).  7665,  and  Spyridia  filamentosa,  7671,  many;  7656  and  76751 

767s,  few.  few. 

Summarizing  this  statement  of  the  algal  vegetation  in  Buzzards  Bay,  it  may  be  said 
that  the  life  conditions  are  much  more  favorable  in  the  lower  portions  of  the  Bay  than  in 
the  upper,  since  the  bottom  is  generally  stony  and  the  water  clearer,  because  silt  and 
mud  are  less  frequent.  These  characteristics  are  graphically  shown  on  chart  227,  and 
it  will  be  noted  that  the  greater  part  of  Buzzards  Bay  has  a  muddy  bottom.  Stich 
regions  in  the  deeper  waters  are  almost  deserts  as  regards  vegetation.  The  algal  flora 
of  the  upper  portion  of  Buzzards  Bay  is,  in  the  summer,  composed  of  species  character- 
istic of  the  wann-water  sublittoral  fonnation,  which  also  extends  somewhat  into  the 
lower  portions  of  the  Bay.  However,  the  vegetation  changes  markedly  toward  the 
entrance  of  the  Bay,  both  as  to  its  characteristics  and  its  quantity,  as  is  shown  by 
the  above  lists.  Species  appear  which  are  peculiar  to  the  cool-water  sublittoral  forma- 
tion. Around  the  exposed  reefs  of  Sow  and  Pigs  the  vegetation  is  typical  of  this  forma- 
tion, which  is  presented  in  even  greater  luxuriance  off  Gay  Head. 

2.  THE  MIDIHX  EtBGlONS  OF  VINEYARD  SOUND. 

The  conditions  in  Vineyard  Sound  differ  from  those  of  Buzzards  Bay  in  several 
respects.  The  tides  which  flow  east  with  the  flood  and  west  with  the  ebb  have  a 
velocity  of  i  to  3  knots  an  hour,  which  is  so  strong  a  current  that  extensive  deposits 
of  mud  or  fine  silt  are  generally  rendered  impossible.  The  bottom  is  in  consequence 
chiefly  hard  sand,  frequently  mixed  with  shell  fragments,  gravel,  or  stones.  There  is 
Uttle  or  no  mud  in  the  middle  regions  of  the  Sound.  The  average  depth  is  somewhat 
greater  than  that  of  the  Bay,  but  not  enough  to  be  an  important  factor  in  determining 
the  character  of  the  vegetation.  There  are  no  large  areas  of  shallows  under  6  fathoms, 
as  are  found  in  the  upper  portion  of  Buzzards  Bay,  the  Middle  Ground  being  the  only 
extensive  region  of  shoal  water,  and  that  is  composed  chiefly  of  sand  and  is  quite  barren 
of  vegetation. 

Vineyard  Sound  within  the  limits  of  this  Survey  (that  is,  from  a  line  drawn  between 
the  westerly  end  of  Cuttyhunk  and  Gay  Head  to  a  line  between  Falmouth  Heights  and 
East  Chop)  has  for  convenience  been  divided  into  three  regions  as  follows:  (a)  The 
westerly  portion  from  the  entrance  to  a  line  between  the  west  end  of  Naushon  (Robinsons 
Hole)  and  Kopeecon  Point  (Cape  Higgon),  (b)  the  narrow  portion  of  the  Sound  between 
Naushon  and  Marthas  Vineyard  to  a  line  connecting  Nobska  Point  and  West  Chop,  and 
(c)  the  easterly  portion  of  the  Sound  from  the  last  line  to  one  between  Paftnouth  Heights 
and  East  Chop. 

The  westerly  portion  of  Vineyard  Sound  includes  large  areas  with  a  bottom  of  hard 
sand  or  sand  with  shell  fragments,  but  exceptions  to  these  conditions  were  found  at  a 
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number  of  Stations  (see  chart  227).  The  greatest  depths  were  between  17  and  19  fathoms 
(chart  227),  and  the  average  for  this  portion  of  the  Sound  was  about  12^  fathoms.  The 
following  is  the  list  of  algae  found  in  the  deeper  waters  of  the  westerly  portion  of  Vineyard 
Sound: 


Aithrocladia  vilkisa,  7734.  many;  77*5.  77^8  and 

771Q,  few. 
Chorda  filum,  7567,  7571,  and  7591,  few. 
Cladostephua  verticiUatiu,  7717,  many;  75^  and 

7734.  few. 
Desmarestiaacukatfl,  7718, many;  7566,7588,7595, 

750.  7719.  77*0.  and  7730,  few. 
Desmarestia  viridis,  773:  (1907).  many;  7677. 7^78. 

7706,  7707,  7710,  7795,  7718,  7730,  and  7734. few. 
Dictyosiphon  hippuroides,  7725,  many;  7676,  7739, 

and  7730,  few. 
Hclocarpus  siliculosus,  7717  and  7738,  few. 
Laminaria  Agardhii,  7718,  many;  7581  (i9«7),  7S83 

7583-  7584.  7588,  7589.  759*.  7SM.  7595.  7599- 

7677,  7702,  7703,  7706,  7719,  and  7718,  few. 
Laminaria  Agardhii  var.  vittata,  7582,  7583,  7679, 

7680,  768r.  7701,  7704,  7706,  7707,  7719,  7730' 

77^3.  77*4.  and  7731,  few. 
Laminaria  digitata,  7593  and  7731,  few. 
Actinococcus  subcutaaeus,  7583  and  7595.  few- 
Agardhiella  tenera,  7735,  nuuy;  7738,  7730,  and 

7734,  few. 
Ahnfeldtia  plicata,  7593,  7598,  7599,  7718,  7719, 

7730,  7711,  7734,  and  7735,  tew. 
Antittiamnion  cruciatum,  7734  and  7735.  many; 

7566.  757".  7690,  77»o,  7730,  and  7734,  few. 
Antithamnion  plumula,  7678,  few. 
Collithamnion  roseum,  7735,  few. 
Ceramimn  rubrum,  7731,  many;  7371,  7375,  7576, 

7589.   7593.  7676,  7680.  7701,  7704,  7710,  7717, 

7719,  7733,  7731  (1907),  and  7734,  few. 
Ceramium   tenuissimum,   7734,    7735,    and    7726, 

many;  7730,  few. 
Oiampiaparvula,  7573  and  7734,  many;  7566, 7567, 

7568,  7569,  7571,  7574,  7S7S,  7576,  7578.  7588, 

7676.  7703.  7715.  7738,  7739,  and  7734.  few. 
Chondrus  crispus,  7718  and  7710,  many;  7566,7581 

(1907),  7583,  7583,  7584,  7585,  7589,  7591,  7596, 

and  7731  (1907),  few. 
Corallina  officinalis,  7566,  7583,  and  7596,  few. 


Cystoclonium  purpurascens,  7730  and  7739,  few. 
Cystoclonium  purpurascens  var.  cirthosimi,  7707^ 

7730,  and  7731  ([9«7).  many;  7585,7601,7676, 

7678,  7686,  7693,  7693,  7703,  7706,  7717,  7718, 

7719,  and  773a,  few, 
Dasya  elcgans,  7734,  few. 
Delesseria  sinuosa,  7701,  7719,  and  7710,  many; 

7581,  7591,  7593.  7595,  7690.  7693,  7693,  7703, 

7709,  and  7731,  few. 
Grinnellia  americana,  7734  and  7735,  many;  7575, 

757'*.  7589.  77*4.  77»5. 77»7. 11^9.  773°.  and  7736, 

Lomentaria  rosea,  7593,  7708,  and  7709,  tew. 
Lomentaria  uncinata,  7734  and  7735,  few. 
Melobesia  pustulata,  7583,  many. 
Phyllophora  Broditei,  7583,  7584,  7591,  7595,  7596, 

and  7598,  few. 
Phyllophora  membranifolia,  7706, 7710,  7719,  7733, 

7735,  and  7739,  few. 
Plumaria  elegans,   7730,  many;  7584,  7719,  and 

77j8,  few. 
Polyides  rotundus,  7581  (1907),  7701,  and  7717,  few. 
PolysipboDia  elongata,  7685,  7701,  7733,  and  7736, 

many;  7581  (1907),  7678,  7686,  7698,  7703,  7706, 

7709.   7717.   7714.   7735-   77^7.   77=8,   7730,   7731 

(1907),  and  7734,  few, 
Polysiphonia  nigrescens,    7734,   7735,   7728,  7739, 

7730.  773'  (1907).  and  7734,  many;  7581(1907). 

7717,  7718,  and  7736,  tew. 
Polysiphonia  vi^acea,  7681,  7704,  and  7721,  few, 
Rhodomela  Rochei,  7731  (1907),  few. 
Rhodymenia palmata,  7567,  7569,  7578,  7583,  7584, 

7585.  7S88,  759'.  7593-  7S9S.  770i,  7703.  77o8, 

7718,  7719,  7730,  7733,  7734,  7738,  7729,  and 
7731(1907),  tew. 

Seirospora  Griffithsiana,  7738,  many;  7739,  few. 
Spermothamnion  Tumeri,  7585,  75SS,  75S9,  7598, 

7717,  and  7719,  tew. 
Spyridia  filamentosa,  7734,  7735,  7736,  and  7735, 
,  many;  7571,  7572,  7588,  and  7730,  tew. 

It  is  an  interesting  fact  that  the  growths  of  algse  are  most  luxuriant  nearest  Gay 
Head,  the  Cuttyhunk  side  of  Vineyard  Sound  in  the  deeper  waters  being  very  barren  d 
vegetation.  The  depth  is  nowhere  sufficiently  great  to  be  an  important  factor  in 
determining  the  distribution  of  the  algse,  for  stations  7719  (17  fathoms),  7582,  7583,  and 
7584  (all  about  15  fathoms)  gave  a  large  variety  of  species  in  considerable  quantity. 
Gravelly  and  rocky  bottoms  generally  have  the  greatest  quantity  of  vegetation.  The 
dredgings  determined  the  presence  of  extensive  areas  of  sand,  which  support  little  or 
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no  algal  life.  The  most  important  of  these  were  around  the  following  groups  of  statioos: 
(7677.  7592);  (7708,  7709,  7590);  (7679,  7681.  7702);  (7577,  7597,  7682.  7698,  7699. 
7700,  7727);  (7573.  7574.  7695);  (7569.  7570,  7736)- 

Proceeding  eastward  into  the  Sound  from  the  entrance  the  most  marked  change  in 
the  algal  life  is  the  appearance  of  such  species  as  Arthrocladia  villosa,  Chorda  fiiutn, 
Diclyosiphon  hippwoides,  Agardhiella  lenera,  Ceramium  lenuissimum,  Champia  parvuia, 
and  Grinnellia  americana.  These  were  not  found  in  the  deeper  waters  at  the  entrance  <rf 
the  Sound,  but  were  all  fairly  abundant  eastward,  Agardhiella,  Champia,  and  Grinnellia 
being  very  characteristic  of  the  Sound  flora  from  this  point  on. 

The  most  striking  feature  of  the  summer  flora  in  the  deeper  waters  at  the  entrance  di 
Vineyard  Sound  is  the  presence  in  considerable  quantity  of  certain  species  restricted 
wholly  or  almost  wholly  to  the  more  open  waters  included  in  the  survey.  Prominent 
among  these  are  Laminaria  Agardhii  var.  vUlala,  Laminaria  digilala,  Delesseria  sinuosa, 
Lomenlaria  rosea,  Plumaria.  elegans,  and  Rhodymenia  palmala.  Con^dered  as  a  whole, 
the  flora  at  the  westerly  entrance  of  Vineyard  Sound  takes  its  chief  interest  from  the 
presence  of  species  peculiar  to  the  cool-water  sublittoral  formation. 

The  narrow  portion  of  Vineyard  Sound  will  now  be  described.  This  Ues  between 
the  islands  of  Naushon  and  Marthas  Vineyard  and  may  be  included  between  a  line 
drawn  from  Kopeecan  Point  to  the  west  end  of  Naushon  (Robinsons  Hole)  and  a  line 
from  West  Chop  to  Not>5ka  Point.  The  bottom  is  much  more  varied  (see  chart  227) 
than  in  the  westerly  portion  of  the  Sound,  which  in  the  deeper  waters  is  almost  entirely 
hard  sand.  There  are,  however,  some  extensive  areas  of  sand  adjacent  to  ^milar 
regions  in  the  westerly  portion  of  the  Sound,  and  the  region  between  the  Middle  Ground 
and  Marthas  Vineyard  is  likewise  sandy.  A  few  stations  (7554,  7564,  and  7697)  pre- 
sented a  muddy  bottom.  All  other  stations  comprising  the  greater  part  of  the  middle 
region  of  this  portion  of  the  Sound  showed  a  bottom  of  gravel  or  gravel  and  stones. 
The  general  character  of  the  bottom  may  be  described  as  variegated,  areas  of  gravel 
lying  next  to  areas  of  sand  or  of  large  pebbles,  the  distribution  of  the  sand  being  deter- 
mined in  all  probability  largely  by  the  varied  flow  and  scouring  of  the  tidal  currents. 
The  greatest  depths  were  from  15  to  17  fathoms;  the  average  depth  about  10  fathoms. 

The  following  algse  were  found  in  the  deeper  waters  of  this,  the  narrowest  portion 
of  the  Sound: 


Arthrocladia  villosa,  7733  many;  39  and  7732,  few. 
Chorda  filum.  7542bis,  7531,  7557,  and  7559,  few. 
Chordaria  flagelHfomiis,  7524  and  7515.  few. 
Cladostephusvertic Hiatus,  7Sisbis,  7744.  and  7753, 

Desmarestia  aculeata,  7739,  few, 

Desmarestia     viridis,     75i5bi3,    many;      75i2bis, 

75J4bb,  7S43''is.  and  7549  (1907),  few. 
Ectocarpiis  siliculosis,  7525^5,  few. 
Laminaria    Agardhii',     75J5bis,  many;     7524518, 

7533bis,  7S33bis.   7536,   7541.  7S57.   773^.    7739. 

7740,  and  7749.  few. 
Mesogloia  divaricata,  754S,  few. 
Ralfsia  clavata,  7534bis,  few. 
Sargassiun    Filipendula,    7525^8,    7S33l>is,    7537, 

755'.  7S54,  7555.   75S7.  774o,  774^.  7744.  7749. 

and  7750,  few. 


j  Actinococcus  subcutaneus,  753ibi3  and  7sa5bis, 
many;  752ibis  and  7;a5bis,  few. 
Agardhiella  tenera.  7si5bis,  many;  7533,  7533615 
7S3S.  7536,  7537,  7540.  7541.  7S4ibi3,  7342, 
[  7543bis,  7SS3.  7559.  756a.  7733.  7744.  77Si.  7753. 
;     and  7754,  tew. 

Ahnfeldtia  plicata,  7524bis  and  7525513,  few. 
I  Antithamnion   cruciatum,    7543513   and    7554513, 
!      many;  75ai5is,  752zbi3,  7S23bis,  7533ti's.  754ilJ's, 
773I'  7744.  and  7745,  few. 
Callitbanmion  Baileyi,  7523,  few. 
Callithamnion toseum,  7sitbis,  7744, and 7754,'few. 
Ceramium  fastigiatum,  7542  and  754S,  few. 
Ceramium ni5rum7S42, 7551,  75si(i907),and75S7, 
many;  7524,  7525.  7s4rbis,  7548,  7554. 7559,  7560, 
7s65bis,  7732,  7733,  7739,  7746.  and  7J49,  tew. 
Ceiamium  stiictum,  7746.  few. 


Google 


BIOLOGICAL  SURVEY  OF  WOODS  HOLE  AND  VICINITV. 


Ceramium  tenuissimum,  7543bis,  many;    753abis, 

7S4ibis,  75s4bis,  7559.  and  7s6sbis,  few. 
Champia  parviUa,  7S49b's,  773*.  7733.  7745.  7749. 

7752, and7754,  many;  7531,  7531  (igoj),  IS'I^'S, 

75»S.  752Stiis,  75"5  (1907).  7533bis.  7534.  7S4i. 

7S4ibis,  7541.  7S41  (1907),  7S43  (1907).  7S47.  7S49 

(1907).   75S'.   7S5I   (1907).  7SS3.  7554,  7S54bis, 

7S57.  7559.  75^°.  756=-  75fisbi9.  7739.  774'.  7746. 

and  7753.  few. 
Chondrus  crispos,  7511  (1907),  7S33bis,  and  7749, 

many;  7SJ3bb,  7S34t>is,  7Sisbis,  7536,  7S4abis, 

7554.  7SS4l>ia.  7560.  7561.  7S*5».  773».  7739.  "id 

7746,  few. 
Coralllna  ofBcinalis,  75jibis,  many. 
Cystoclonium    purpurascens,     7534bis,     75i5bis, 

7543  (i9«7).  and  7549  (1907),  tew. 
Cystoclonium    purpurascens    var,   ciirhosum,  39, 

7S»3.  7534.  and  7740,  few, 
Dasya  elegans,  7733,  7751,  and  7753,  few. 
Delesseria  sinuosa,  39,  few. 
Gracilaria  multipartita,  7554bis,  tew. 
Griffithsia  Boraetiana,  7533bi5,  7749,  and  7754,  few, 
Grinncllia  americana,  7541  and  7733,  many;  7S". 

7Sai  (1907).  7S2Sbis,  75^7.  7S3'bis.  7536-  7537. 

7S40.  7541.  7546.  7547.  7549.  7SS'.  7SS3.  7S54. 

75S6bis,  7557,  7559,   7560,  7561,   7s6sbis,   7731, 

7737.  7741.  and  77S3,  few. 
Hildenbrandia  prototypus,  7544bis  and  7547bis, 

iDBXiy;  7533bis,  7546bts,  and  7747,  few. 
Litbotbanmion    polymorpbum,  75i4bts,  7595^3, 

7S33bis,7S34bis,and7S44bis,many;7534,753sbis. 

7539.  7S39bis,  and  7752,  few. 

The  narrow  portion  of  Vineyard  Sound  as  well  as  the  westerly  portion  presents 
some  large  areas  practically  devoid  of  vegetation  for  the  reason  that  the  bottom  is 
sandy.  The  chief  of  these  regions  are  around  stations  {7556,  7562,  7563,  7564,  7565, 
7697).  (7547.  7549.  7550.  7551,  7552.  7553).  (7536,  7539,  7543,  7544.  7545.  7736,  7737), 
(7530,  7531).  (7521.  7522.  7527.  7528,  7529.  753a,  7533)- 

The  more  varied  character  of  the  bottom  in  the  deeper  waters  of  the  narrow  portioa 
of  the  Sound  gives  a  larger  representation  of  algte,  both  in  abundance  and  in  number  of 
species,  than  the  westerly  portion.  Certain  spedes  appear  which  were  not  noted  or  were 
uncommon  in  the  deeper  waters  of  the  westerly  portion:  Chordaria  fiagelliformis, 
Mesogloia  divaricata,  Sargassum  Filipettdula,  Raljsia  clavala,  Callitkamnion  Baileyi, 
Ceramium  jastigiatum,  Ceramium  strictum,  Gracilaria  multipartita,  Griffilhsia  Bornetiatta, 
Hildenbrandia  prototypus,  Lithotitamnion  polymorphum,  Melobesia  membranacea,  and 
Rhodomela  sitbfusca. 

Other  species  characteristic  of  more  open  waters  are  not  present  in  this  part  of  the 
Sound  or  are  very  rare;  conspicuous  among  these  are  OuElomorpka  melagonium,  Lami- 
naria  Agardhii  var.  vittala,  Laminaria  digilata,  Delesseria  sinuosa,  Lomentaria  rosea, 
Plumaria  elegans,  and  Rhodymenia  paltnata.  Conddering  the  list  as  a  whole,  the  most 
striking  features  are  the  abundance  and  widespread  distribution  of  Sargassum  Filipen- 
duia,  Agardktella  tenera,  Ceramium  rubrwm,  Champia  parvula,  Chondrus  crispus,  Grin- 
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Lomentaria  uncinata,  7537. 7548,  7551,  7SS7.  7733t 
and  7751,  few. 

Mebbesia  Lejolisii,  75isbis,  many. 

Melobesia  membranacea,  7739,  few. 

Phyllophora  Brodili,  75iibi3.  7523,  75^4.  7525bis, 
7Sa6 ( 1907), and  7S33bis,  many;  752ibis,  7524^8, 
7S»S.  753-=.  7531.  7534.  7535.  753^.  7536bis,  7537, 
754".  7543  (1907).  7739.  7744.  and  7749,  few. 

Phyllophora  Brodixi   var.  catenata,  7531  (1907), 

Phyllophora  merabranifolia,  752ibis,  753sbi$, 
7S3'bis,  7S33bis,  7739, 7740, 7742. 7744. and  7749, 
many;  7sa3bis.  7S»4bis,  7530  ("907).  7543bia. 
7543  ('9o7).7S49(i907).774i.  7743. 774S.and  7754, 

Polyidesrotundus,7753,  many;  7536(1907), 7S3»bis, 

7533bis,  7536,  754ibis,  7560.7749,  and  7751,  tew. 
Polysiphonia  elongate,  7557,  7733.  7739.  775".  775». 

and  7754.  tew. 
Polysiphonia  nigrescens,  7752, many;  7533^3,7549 

("907).  7SS'.  and  7551  {1907),  tew, 
Polysiphonia  violacea,  75i3bis,  tew. 
Rhodomela  subfusca,  7554bis,  few. 
Rhodymenia  palmata,  753obis,  few, 
Spermothaninion    Tumeri,  7525bis,    7533bis,  and 

7749,  many;  7SJibis,  7524.  75^6  ("907).  753obis, 

7537.  754*.  7548,  755'.   75S3.  75*°.  75^2,  7739. 

7741.  7751.  7752.  and  7754,  few. 
Spyridia  filamentosa,  7S3obis,  7533bis,  7543,  7559, 

7S6».  774".  and  7749,  few. 
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nellia  americana,  Pkytlophora  Broduei,  Phyllophora  membranifolia,  and  Spermolhamnum 
Turneri;  these  spedes  are  found  at  12  or  more  stations  each,  and  may  be  con^dered 
the  dominant  forms.  The  list  in  general  clearly  shows  that  the  algae  of  the  summer  in 
the  deeper  waters  of  the  narrow  portion  of  Vineyard  Sound  belong  to  the  warm-water 
sublittoral  formation. 

The  easterly  portion  of  Vineyard  Sound"  included  in  this  Survey  is  a  triangular 
region  between  a  line  drawn  from  Nobska  Point  to  West  Chop  and  a  hne  between  Fal- 
mouth Heights  and  East  Chop.  The  bottom  here  is  much  more  stony  than  in  the 
westerly  portion  of  the  Sound  (see  chart  227) .  While  there  is  considerable  sand  in  spots, 
there  are  no  sandy  areas  so  extensive  as  to  include  several  stations.  This  region,  there- 
fore, may  be  described  in  general  as  gravelly,  stony,  and  rocky,  with  sand  in  spots. 
The  greatest  depths  were  about  13  fathoms  (chart  227),  the  average  about  9  fathoms. 

The  following  algae  were  found  in  the  easterly  portion  of  the  Sound: 
Aithrocladia  villosa,  7755,  few-. 
Cladostephus  verticil latus,  7760,   7771,  and  7779, 

few. 
Dictyosiptaon  hippuroides,  7760,  few. 
LaminariaAgardhii,  7755,   7767,   7775,  and  7776. 


Ralfsia  clavHta,  778a,  few. 

Sargaasum  Filipendula,  7755,     7760,    7763,     7764, 

7766,  7767.  777a.  7775-  7776.  7778.  778«.  778i. 

and  77S3,  few. 
Sphacelaria  cirrhosa,  7760  many;  7772,  few. 
A^ardhiella  tenera,  7778  many;  7755,  7758,  7760, 

7763.  7763  (1907).  7764.  7765.  7766.  77*5  (1907). 

777'.  777*.  777S.  7777.  7779.  7780,  7781,  7782,  and 

7783,  few. 
Ahnfeldtia  plicata  7760,  few. 
Antithamnton  cniciatum,  7764,  7768.  7770,  7772, 

7773,  and  7774,  many;  7757,  7760,  7765,  7766, 

7771.  7774.  7779.  and  7780,  few. 
Callithamnion  Baileyi,  7768 and  7771,  many;  7778, 

Callithamnion  roscum.  7764,  77C7,  777O1 777».  7772, 

7774.7775.  ^d  7776,  many;  7756,7759,  7766,7768, 

77^.  7773.  7778,  7779.  7780.  77S1.  and  778a,  few. 
Callithan)niontetragcpnum,7764,  7765,aiid 7766, few. 
Ceramium  rubrum,  7755,  many. 
Ceramium  strictum,  7763  and  7764.  few. 
Ceramiumtenuissimum,  7777  and  7783,  many;  7781, 

few. 
dampiaparvTila,  7760,  7764, 7775, and  7776,  many; 

77S6,  77S7.  77S8,  7759.  77^3.  7763  {'907).  776s. 

7766,  7767,  7769,  7770,   7771.  777=.  7774,  7777. 

7778,  7779.  7780,  7781,  7781,  and  7783,  few. 
Chondria  daayphylla,  7755,  7774,  7777.  7778.  7781, 

778a,  and  7783,  few. 
Chondrus  crispus,  7764,  7766,  and  7768,  many;  7759, 

7760,  7763  (1907),  7765,  7767.  7769,  7770,  7771. 

7772.  7777.  7779.  and  7781,  few. 


Cystoclonium  purpurascens,  7760,  te-K. 
Dasyaelegans,777s,many;  7755,  7768,  7770.  7777. 

7778,  7779.  7780.  778',  7782,  and  7783,  few. 
Gracilaria  multipartita,  7766,  few. 
Griffithsia  Bometiana,  7755,  777S,  and  7781,  few. 
Grinnellia  americana,  7755,  7756,  7758,  7759,  7760, 

7763.  7764.  7766,  7767.  7768.  7771.  7772,  7774, 
777S.  7776,  7777.  7778,  7779.  7780,  7780  {i9«>7). 
7781,  7782,  and  7783,  few. 

Hildenbrandia  prototypus,  7757,  7759,  7760,  7766, 

7777.  7778.  and  77B0,  few. 
Lithottaamnion  polytnorphum,  7760,  many;  7757, 

7763  {1907).  7764,  7766,  7767.  7769.  7773,  and 

7778.  few. 

I/imentaria  uncinata,  776a,  many;  7757, 7759,  7763, 

7764,  7766,  7777,  7778,  7781,  and  7782,  few. 
Melobesia  Lejolisii,  7779,  77S0,  and  7783,  many. 
Melobesia  pustulata,  7768  and  7770,  many;  7764 

and  7765,  few. 
Phyllophora  BrodiEei,  7763  (1907)  and  7766,  few. 
Phyllophora  membranifolia,  7770  and  7775.  many; 

77S5.  7759.  7760.  77^4.  7765.  77«.  7768.  7769, 

777a,  7774.  7780,  7783,  and  7783,  few. 
Polyides  rotnndus,  7759  end  7766,  few. 
Rjlysiphonia  elongata,  7760,  7766, 7773,  and  7780, 

few. 
Polys i phonia  fibrillosa,  7759,  few. 
Folysiphonia  Harveyi,  7778,  7779,  7780,  7781,  778a, 

and  7783,  few, 
Polysiphonia  nigresccns,  7760  and  7763(1907).  few. 
Polysiphonia  Viotacea,  7780,  few. 
Rhodymenia  palmata,  7755.  few. 
Spermothamnion  Turneri,   7764,  7770,  7772,  and 

7773,  many;  7755,  7759,  7760,   7763.  7771.  7774, 

7777.  7779.  7780,  7781,  and  7783,  few. 
Spyridia  filamentosa,  7776,  many;  7759,  7760,  7763, 

7763(1907),  and  7783,  few. 
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Actinococcus  subcutaneui. 

Ceratuium  faatigiatum. 

Coralluia  officinalis. 

Cystoclonium  purpurascens  var.  citrhosum. 

Melobesia  membronacea. 

Rhodomela  subfusca. 
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The  proportionate  amoimt  of  aJgal  life  was  very  much  greater  in  the  deeper  waters 
of  this,  the  easterly  portion  of  \Tneyard  Sotmd,  than,  in  the  other  regions,  and  tliere 
were  no  extensive  barren  areas.  The  character  of  the  algal  flora  was  essentially  similar 
to  that  in  the  narrow  portion  of  the  Sound.  The  following  species,  however,  present  in 
the  narrow  portion,  were  not  observed,  although  it  is  probable  that  all  of  the  forms 
occur  at  times  in  this  region: 

Cborda  filum. 
Chordaria  flagellifonnis. 
Desmarestia  acukata. 
Desmarestia  viridis. 
Ectocarpus  siliculosus. 
Mesogloia  divaricata. 
Ralfsia  clavata. 

Some  algae  were  found  which  are  not  recorded  in  the  previous  lists:  Sphacelaria 
cirrkosa,  Callithamnion  letragonum,  Chondria  dasyphylla,  Melobesia  Lejolisii,  Polysiphonia 
fbrUlosa,  and  Polysiphonia  Harveyi.  However,  most  of  these  latter  were  in  small  quan- 
tities, and  the  Melobesia  Lejolisii  and  Polysiphonia  Harveyi  occur  in  relation  to  beds  of 
Zostera.  The  summer  algal  flora  of  the  easterly  portion  of  Vineyard  Soimd  is  clearly 
representative  of  the  warm-water  sublittoral  formation. 

3.  CERTAIN  INSHORE  REGIONS  OF  PARTICULAR  INTEREST. 

It  would  be  impossible  in  the  limits  of  this  paper  to  describe  in  detail  the  character 
d  the  vegetation  along  the  entire  coast  line  of  Buzzards  Bay  and  Vineyard  Sound  as 
determined  from  the  dredgings  at  the  inshore  stations.  There  are,  however,  certain 
regions  of  particular  interest  because  of  various  phy^ographical  peculiarities,  and  of 
these  the  following  will  be  briefly  described:  (i)  Gay  Head  and  vicinity,  (2)  the  reefs 
of  Sow  and  Pigs,  (3)  the  passage  of  Woods  Hole,  (4)  Robinsons  Hole,  (5)  Quicks  Hole, 
(6)  Meuemsba  Bight,  (7)  TarpauUn  Cove,  (8)  Vineyard  Haven,  (9)  Cove  west  of  Cutty- 
hunk  Neck,  (10)  the  Middle  Ground. 

(l)    GAY   HSAD   AND  VICINITY. 

The  most  interesting  region  in  the  limits  of  the  Survey  with  respect  to  algal  life  is 
that  around  Gay  Head.  This  area  presents  a  greater  luxuriance  of  growth  and  variety 
of  species  than  any  neighboring  region,  chiefly  on  account  of  the  varied  character  of  the 
bottom  and  also  because  a  numt>er  of  forms  characteristic  of  cold  waters  are  able  to 
live  on  the  exposed  reefs  and  ledges.  Conspicuous  among  these  are  Laminaria  digitata, 
Delesseria  sinuosa,  Gymnogongrous  norvegicus,  Lomentaria  rosea,  Plumaria  elegans,  and 
Euthora  crislala.  Eulhora  cnslata  was  dredged  by  W.  G.  Farlow  off  Gay  Head  in  8  to  10 
fathoms  in  September,  1871 ,  but  we  have  not  been  fortunate  enough  to  And  this  striking 
species,  indicating  that  it  is  not  common.  The  conditions  under  which  most  of  the 
algx  of  this  region  live  are  clearly  those  of  the  cool-water  subUttoral  formation. 

The  region  is  complex  and  there  are  at  least  three  clearly  defined  zones.  The  first 
zone  (stations  50  and  51)  is  in  shallow  water  and  includes  large  rocks,  some  of  which 
rise  above  the  water,  with  sandy  areas  between  them.    The  second  zone  (stations  44 
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to  49)  comprises  various  reefs  that  lie  off  Gay  Head,  and  especially  the  ledge  known 
as  Devils  Bridge;  these  rocks  are  in  2  to  5  fathoms  and  the  bottom  between  tbem  is 
sandy.  The  third  zone  (stations  56-60,  7581  and  7731)  is  in  deeper  water  outside  of 
the  reefs  and  has  a  rocky,  gravelly,  or  sandy  bottom  in  5  to  12  fathoms.  These  zones 
will  be  considered  in  order. 

The  first  zone  (stations  50  and  51)  in  shallow  water  was  studied  August  9,  1904. 
It  comprised  the  following  spedes,  chiefly  growing  on  rocks: 


Calothrix  scopulorum  (on  piles). 
Chztomorpha  area  (on  piles). 
CladophoiB  albida  var.  refracta. 
Entemmorpha  intestinalis. 
Enteramorpha  prolifera. 
Ulva  I,actuca  var.  rigida. 
Qiorda  filum. 
Chordaria  flagellifonnis. 
Desmotridium  undulatum  (on  Zostera). 
Ectocarptis  fasciculatus  (on  larger  algs). 
Qctocarpus  siliculosus  (on  larger  alg«). 


.  sphserocarpus. 


Fucus  vesiculosus. 
Fucus  vesiculosus  vs 
Laminaria  Agardhii. 
Laminar  ia  digitata. 


Phyllitis  fascia. 

Scytosiphon  lomentarius. 

Ahnfeldtia  plicata. 

Callithamnion  Baileyi  (an  Chondral). 

Ceramium  rubrum  (on  Chondrus). 

Champia  parvula, 

Chondrus  crispus. 

Cystoclonium  purpurascens  var.  cirrhooam. 

Nemalion  multifidum. 

Pleonosporium  Borreri  (on  iarger  algte). 

Polysiphonia  fibrillosa. 

Polysiphonia  nigrescens. 

Polysiphonia  violacea. 

Rhodomela  subfusca  (on  piles). 

Rhodymenia  palmata. 

Spennothamnion  Tumeri, 


The  second  zone  (stations  44  to  49)  was  also  studied  August  9, 1904.     The  list  of 
species  is  as  follows : 


ChEctomoipha  melagonium,  44  and  45,  few. 
Chorda  filum,  47  and  4g,  few. 
Desmarestia  aculeata,  46,  47,  and  48,  few. 
Desmarestia  viridis,  46,  few. 
Ectocarpus  siliculosus,  44  and  45,  few. 
Laminaria  Agardhii,  44,  45,  46,  47,  and  49,  few. 
Laminaria  Agardhii  var.  vittata, 44, 45, and 47, few. 
Laminaria  digitata,  44  and  4S,  few. 
Ahnfeldtia  plicata,  47  and  49,  many;  44, 46,  and  48, 

Ceramtum  fastigiatum,  44,  few. 
Cenunium  rubrum,  44,  45,  46,  47,  and  48,  few. 
Champia  parwla,  49,  many;  44, 46,  and  47,  few, 
Chondrus  crispua,  44,  45.  46, 47, 48,  and  49.  many. 
Corallina  officinalis,  47,  many;  44,  45,  and  48,  few. 
Cystoclonium  purpurascens,  44  and  49,  many. 
Cystoclonium  purpurascens  var.  cirrbosum,  44,  45, 
46,  and  47,  many;  48  and  49,  few. 


Delesseria  sinuosa,  45,  many;  46,  few. 

Grinnellie  americana,  49,  few. 

Lomentaria  rosea,  45,  few. 

tdelobesia  pustulata,  45,  46,  47,  and  49,  many;  44, 

Phyllophora  Brodisei,  45,  many;  44, 46, 47,  48,  and 

Plumaria  elegans,  44,  few. 

Polyides  rotundus,  46,  47,  and  48,  many;  44,  few. 

Polysiphonia  elongata,  44  and  45,  many;  46, 47, 48, 

and  49,  few. 
Polysiphonia  nigrescens,  49,  many;  47,  tew. 
Polysiphonia  violacea,  45  and  48,  few. 
Rhodymenia  palmata,  45, 46.  and  47,  many;  44  and 

48,  few. 
Seirospora  GriStbslana,  49,  few. 
Spermothamaion  Tumeri,  44,  43,  and  46,  many;  47 

and  49,  few. 


The  third  zone  (stations  56-60,  75S1  and  7731)  was  studied  August  15,  1904.     The 


following  list  includes  the  species  of  the  s 
Cluetomarpha  mel^onium,  56,  57,  58,  and  6a,  few. 
Aithrocladia  villosa,  $6,  many. 
Desmarestia  aculeata,  57,  many;  56,  59,  6«,  and 

7731,  few. 
Desmarestia  viridis,  S7.  S^.  773'.  and  7731  (1907), 


a  stations: 

Laminaria  Agardhii,  57,  59.  60,  7581  (1907),  and 

7731,  few. 
Laminaria  Agardhii  var.  vittata,  S7  and  7731,  many; 

59  and  60,  few. 
Ralfsia  clavata,  57,  many.  56,  58,  and  59,  few. 
Ahnfeldtia  plicata,  60,  few. 
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An  ti  than 


Antithamnion  plumtila,  57  and  58,  few. 

Callithanmion  roseum,  57,  few. 

Ceramium  rubrutn,  57  and  7731,  many;  sgand  7731 

(1907),  few. 
Chondruscrispus,  56,  S7.aiid58,  many;  59,60,7581 

(1907).  and  7731  (1907),  few. 
Corallina  ofGcinalia,  56  and  57,  many;  58,  60,  and 

Cystoclonium  purpurascens,  56,  57,  58,  and  sg, 

many;  60,  few. 
Cysloclonium  purpurascens  var.  cirrhosum,  56,  58, 

59,  and  7731  (1907),  many;  60,  7581  (1907),  and 

7731,  few. 
Delesseria  sinuosa,  56,  57,  and  58,  many;  7731, few. 
Grinnellia  americaaa,  56,  many;  7581,  few. 
Gymnogongnis  norvegicus,  56,  few. 
Hildenbrandia  prototypus,  58  and  59.  many. 
Lithotbanmkin  polymorphmn,  57,  58.  59,  and  60, 

Lomentaria  rosea,  57  and  58,  many;  56  and  59,  few. 


Melobesia  farinosa,  57  and  58,  many. 
Melobesia  membranacea,  56,  57,  and  58,  many. 
Helobesia  pustulata,  $■},  few. 

Phyllophora  Brodizi,  56, 57,and  58,  many:  59,  few. 
Pbyllophora  membranifolia,  56,  57,  and  58,  many; 

Pluraatia  elegans,  57,  58,  and  59,  many. 
Polyides  rotundus,  56,  57,  58,  60,  end  7581  (1907). 

Polysiplionia  atrombescens,  56,  many. 
Polysiphonia  elongata,  56,  59,  and  7731,  many;  6a, 

7581  {1907),  and  7731  (1907).  few- 
Poly^phonia  nigrescens,  60  and  7731,  many;  59, 

7581  (1907),  and  7731  (1907),  few. 
Rhodomela  subfusca,  56,  few. 
RhodomelaRochei,  7731  (1907),  tew. 
Rhodymeniapalmata,  59,  many;6oBnd  7731(1907), 

Scinaia  furceilata,  57,  few. 

Spermothamnion  Tumeri,  56,  57,  and  58,  many; 


(2)  THE  REEFS  OF  SOW   AND  PIGS. 

The  bottom  around  the  reefs  of  Sow  and  Pigs  (stations  35, 36  and  37),  lying  off  Cut- 
tyhunk,  has  an  algal  flora  noteworthyfor  the  presence  of  such  spedts  ^  Delesseria  sinitosa, 
Lomentaria  rosea,  and  Plumaria  elegans,  forms  which  are  also  characteristic  of  the  ledges  off 
Gay  Head  and  are  members  of  the  cool-water  subUttoral  formation.  The  quantity  of 
alg£e  is,  however,  not  great.  An  examination  of  the  reefs  themselves,  although  difficult, 
would  doubtless  prove  interesting.  There  were  considemble  amounts  of  CoraUina 
offkinaiis  (35,  36,  37) ,  De/ejjeria  siniu>sa  (35,  36),  Phyllophora  Broduei  (35,  36,  37),  and 
Plumaria  elegans  (36,  37),  and  in  addition  relatively  few  plants  of  Ckattomorpha  melago- 
nium  {^y),  Eclocarpus  fasciculatns  {^7) ,Laminaria  Agardhiiva.T.viilata  {^b,T,7),Ahnfeldlia 
plicata  (36),  Ceramium  rubrum  (37),  Ceramiurt^  lenuissimum  (35),  Chondrus  crispus  {35, 
36),  Cystoclonium  purpurascens  var.  cirThosum  (35,  36,  37),  Lithothamnion  polymorpkum 
(35),  Lomentaria  rosea  (37),  Melobesia  pustulata  (36),  Rhodymenia  palmata  (36),  and 
Spermothamnion  Turneri  (35}. 

(3)  THE  PASSAGE  OF  WOODS  HOLE. 

The  easterly  side  of  the  passage  of  Woods  Hole  (station  1 22)  off  the  end  of  the  hook- 
shaped  point  of  land  called  Penzance  (Long  Neck)  has  a  sand  and  gravel  bottom  in  4  to  s 
fathoms.  The  following  species  were  found  in  small  quantities :  Champia  parmda,  Dasya 
elegans,  Grifjithsia  Bornetiana,  Grinnellia  americana,  Phyllophora  Brodicei,  Polysiphonia 
nigrescens,  Rhodomela  Rochei,  and  Seirospora  Griffithsiana. 

The  westerly  side  of  the  passage  off  Uncatena  Island  (station  1 1 8)  on  a  bottom  of 
sand  and  shells  showed  small  quantities  of  Chordaria  fiagelliformis,  Ceramium  rubrum, 
Cliondrus  crispus,  Cystoclonium  purpurascens,  and  Lomentaria  uncinala.  Off  the  entrance 
to  Hadley  Harbor  (stations  119  and  120)  the  bottom  is  sand  and  mud,  and  appears 
to  support  no  algal  life. 
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The  main  channel  near  Hadky  Rock  (station  i  s  i )  has  a  bottom  of  sand  and  stones. 
There  was  an  abundance  ot  Laminaria  Agardhii,  Agardhiella  ienera,  Ch&ndrus  crispus,  and 
Gracilaria  miUHpartUa,  together  with  a  few  plants  of  Sargassum  Filipendula.  Dredgings 
of  previous  years  have  shown  that  Callilhamnion  roseum  grows  on  shells  in  the  narrower 
portion  of  the  passage  (Woods  Hole  proper) ,  and  also  Scinaia  ftircellala.  The  passage  on 
the  south  is  bordered  by  ledges,  chiefly  submerged,  and  these  are  covered  with  heavy 
growths  of  algx.  The  reader  may  obtain  a  general  idea  of  the  character  of  the  algal 
life  on  these  rocks  bordering  the  channel  from  chapter  iv,  page  476,  "A  Report  on  the 
Alg£e  of  Spindle  Rocks,  Woods  Hole  Harbor,"  a  small  group  of  rocks  (destroyed  in  the 
summer  of  1905)  that  formerly  lay  between  Grassy  Ledge  and  Red  I^dge.  These  sub- 
merged ledges  are  difficult  to  study,  but  detailed  examinations  of  some  of  them  carried 
on  through  various  seasons  of  the  year  would  undoubtedly  give  some  interesting  results. 

The  algal  life  on  the  bottom  of  the  harbor  of  Woods  Hole  and  in  the  two  ships'  chan- 
nels that  lead  into  it  from  Vineyard  Sound  on  either  side  of  Great  Ledge  is  very  sparse. 
The  bottom  is  hard  sand  and  sandy  mud,  unfavorable  for  extensive  growths  of  algae. 
A  haul  (station  4)  inside  of  Great  Ledge  in  2  to  5  fathoms  over  a  sandy  bottom  gave  a  few 
plants  of  Anliihamnion  cmdalum,  Ceramium  riArum,  Chondrus  crispus,  Gracilaria  mvlli- 
partita,  Grinnellia  americana,  Melobesia  Lejolisii  (on  Zoslera),  and  Phyllopkora  BroditEi. 

(4)   ROBINSONS  HOLE. 

Robinsons  Hole,  along  the  west  end  of  Naushon  (stations  30,  21  and  22),  has  a 
rich  algal  flora  over  a  stony  bottom  in  3  to  ^yi  fathoms.     There  was  an  abundance  of: 


Chorda  filum,  31  and  ai. 
Desmarestia  aculeata,  ao,  ai  and  ai. 
Deamanstia  viridis,  ao  and  aa. 
Laminaria  Agardii  var.  vittata,  ai. 
Antitliamiiion  cruciatum,  ai. 
Ceramium  fastigiatum,  ao. 
Ceramium  rubnim,  ao,  ai  and  aa. 
Chondrus  crispus.  ao.  ai  and  aa . 
Cystoclonium  purpurascens,  loand  ai. 

In  small  quantities  were  found: 

Cladophora  gracilis,  ao  and  ai. 
Cladostephus  verticil latus,  11. 
Ectocarpus  siliculosus,  ai. 
Laminaria  Agardhii,  la. 
Leathesia  diflonnis,  10. 
Phylli lis  fascia,  az. 
Ahnfeldtia  plicata,  11  and  aa. 


Cystoclonium    puipurascens    var.   cirrhosum, 

Hildenbrandia  pmtotypus,  ai  and  aa. 
Lithotlianmion  polymoiphum,  si. 
Phyllophora  Brodicei,  ao,  ai  and  la. 
Phyllopliore  membranifblia.  aa. 
Rhodymenia  palmata,  ai  and  aa. 
Scinaia  furcellata,  ai. 
Spermothamnkm  Tumeri,  ao 


Ceramium  strictum,  ao. 
Champia  parvula,  ao,  ai  and  aa. 
Coral lina officinalis,  loand  ai. 
Dasya  elegans,  ii. 
Lomentaria  uncinata,  a  i  and  aa. 
Polysiphonia  fibrillosa,  ao. 
Polysiphonia  nigrescens,  ao  and  j. 


Station  23,  off  the  island  of  Pasque,  at  the  entrance  to  Robinsons  Hole,  showed  the 
presence  of  much  Antitkamnion  crvciatum,  Chondrus  crispus,  Phyllopkora  membrani- 
folia,  Rhodymenia  palmata,  and  a  few  plants  of  Desmarestia  aculeata,  Desmarestia  viridis, 
and  Polysiphonia  elottgata. 

This  flora  has  a  mixed  composition  including  forms  characteristic  of  both  the  cool- 
and  warm-water  sublittoral  formations,  indicating  that  the  summer  conditions  of  Robin- 
sons Hole  are  somewhat  midway  between  those  of  the  open  and  those  of  cne  sheltered 
waters  of  the  Sound  and  Bay, 
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(5)   QUICKS  HOLE. 

Quicks  Hole  does  not  have  so  luxuriant  a  vegetation  as  Robinsons  Hole,  probably 
because  the  bottom  is  not  so  rocky.  On  the  easterly  side  (station  27),  along  the  west 
end  of  Pasque,  in  4  to  5  fathoms  over  a  rocky  bottom,  there  was  a  rich  growth  of 
Desmareslia  acvleata,  Laminaria  Agardhii  van.  viltala,  CalUtkamnion  Baileyi,  Phyllophora 
Brodiai,  Rhodymenia  palmata,  and  a  few  plants  were  found  of  Desmarestia  viridis  and 
Cysloclonium  purpurascens  var.  cirrhosum.  The  westerly  side  (station  28  and  29)  has 
a  sandy  bottom  in  3  to  5  fathoms,  with  quite  a  different  vegetation.  There  were  found 
in  abundance  Chorda  filum  (station  29),  Desmareslia  aculeata  (station  29),  Desmotrickum 
undiUatum  (station  29,  on  Zostera),  Ectocarpus  sUicvlosus  (station  29,  on  ZoHera), 
Melobesia  Lejolisii  (station  29,  on  Zostera),  and  Spermothamnion  Twneri.  The  following 
were  found  in  small  quantities : 


Chordaria  flagellifonnis,  19. 
Lammaria  Agardhii,  a8, 
Leathesia  diSormis,  99. 
Agardhiella  tenera,  aS. 
Choudnis  crispus,  39. 
Corallina  ofGcinalis,  a  9. 


Cystockmium  purpurascens,  ig. 
Hildenbrandia  prototypus,  a%. 
Lithothamnion  polymocpfaum,  iG 
Polysiphonia  elangata,  39. 
Polysiphonia  librillosa,  39. 
Rhodomela  subfusca,  39. 


(6)    MENEMSHA   BIGHT. 


A  special  trip  to  Menemsha  Bight  was  made  on  July  17,  1905,  in  the  Genevieve  of 
the  Marine  Biological  Laboratory.  Three  hauls  were  taken,  (i)  at  the  east' end  of 
Menemsha  Bight  just  outside  of  the  fish  traps,  bottom  sandy  in  6>^  fathoms;  (2)  in 
the  middle  region  between  the  fish  traps,  bottom  sandy  mud  in  5X  fathoms;  and  (3) 
about  three-fourths  of  a  mile  offshore  at  the  west  end  of  Menemsha  Bight,  bottom 
sandy  in  &yi  fathoms.     The  following  species  were  recorded:  » 


Choetomorpha  Linum,  3,  tew. 
Desmarestia  viridia,  3,  many;  1  and  3,  /ew. 
Laminana  Agardhii,  i,  3  and  3,  few. 
Ralfsia  clavata,  3,  few. 
Sargassum  Filipendula,  j,  few. 
Agardhiella  tenera,  i,  many. 
Antithamnion  cniciatum,  i,  few. 
Antithamnion  plumula,  i  and  3,  few. 
Calhthanmion  roseum,  a,  few. 
Ceramium  rubrum,  3,  few. 


Champia  parvula,  3,  few. 

Cysloclonium  piirpm'a9cen9var.cin4ioniin,3,n]any. 

Hildenbrandia  prototypus,  i  and  3,  few. 

Phyllophora  Brodieei,  i,  few. 

Polysiphonia  atrombescens,  1,  few. 

P:>Iysiphon]a  elotigata,  a  and  3,  many. 

Polysiphonia  fibrillosa,  3,  few. 

Polysiphonia  nigrescens,  i,3and  3,  very  abundant. 

Seirospora  GrifGthnana,  i,  3  and  3,  few. 

Spyridia  filamentosa,  i,  few. 


The  most  remarkable  feature  of  this  locality  was  the  great  quantity  of  Polysiphonia 
nigrescens.  The  flora  of  these  sheltered  waters  was  clearly  representative  of  the  warm- 
water  sublittoral  formation,  a  fact  of  some  interest  considering  its  proximity  to  Gay 
Head. 

An  examination  in  the  Blue  Wing  of  the  shallow  waters  of  Menemsha  Bight,  off 
Lobsterville,  on  August  9,  1904,  showed  a  bottom  of  sandy  mud  in  3  fathoms.  Zostera 
was  plentiful  in  spots  and  seems  to  be  establishing  itself  in  this  region;  there  was  very 
little  present  four  or  five  years  previous  (Vinal  Edwards).  There  were  great  quanti- 
ties of  Ectocarpus  siliculosus  as  well  as  Melobesia  Lejolisii  covering  the  Zostera,  and  a 
few  plants  of  the  following  were  found:  Agardhiella  tenera,  Chondrus  crispus,  and 
Cystoclonium  purpurascens  var.  cirrhosum. 
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(7)   TARPAULIN   COVE. 

Tarpaulin  Cove  proved  interesting  in  several  respects.  The  westerly  side  (station 
17)  has  a  bottom  of  sand  and  gravel  !n  1%  to  4  fathoms,  and  there  was  an  abundance 
of  Desmarestia  viridis  and  Antilhamnion  cruciatum,  and  in  small  quantities  Cladophora 
gracilis,  Agardhiella  lenera,  Antithamnion  plumula,  Callilhamnion  Baileyi,  and  Griti- 
nellia  americana;  the  dredge  brought  up  large  quantities  of  Zoslera.  The  upper  end 
of  the  cove  (station  18)  in  2^  fathoms  has  a  bottom  of  mud  and  gravel  supporting 
extensive  beds  of  Zoslera,  and  an  abundance  of  Polysipkonia  nigrescens.  A  line  dredged 
across  the  entrance  of  the  cove  (station  19)  showed  a  muddy  bottom  with  occaaonal 
plants  of  Polysipkonia  nigrescens.  Hauls  made  at  the  entrance  nearest  the  lighthouse, 
July  18,  1903  (Phalarope),  showed  the  presence  of  much  Seirospora  Griffitksiana  and 
small  quantities  of  Desmarestia  liridis,  LanUnaria  Agardhii,  Agardhiella  lenera.  Colli- 
thamnion  Baileyi,  Ceramium  fasligiatum,  Ceramium  rvhni'm,  Champia  parvula,  and 
Grinnellia  americana. 

(8)    VINEYARD   HAVEN. 

Station  69  off  West  Chop,  at  the  entrance  to  Vineyard  Haven,  was  very  rich  in 
algx  and  especially  interesting  as  a  locality  for  Rhadituxtadia  Farlowii.  The  bottom 
was  sand  and  stones  in  3>^  to  7  fathoms  and  supported  extensive  growths  of  Zoslera. 
There  was  much  of  the  following : 


Ralf  sia  clavata. 

Rhadiaocladia  Farlowii  (on  Zostera). 
Sphacelaria  radicans. 
Agardhiella  tenera. 
Antithamnion  cruciatum. 
Callithamnion  roseum. 
Ccraniiuin  t* 


Hildenbrandia  prototypus. 
Lomentaria  uncinata. 
Melobe^a  f  arinosa. 
Helobeda  LejoHsii. 
Phyllopbora  BrodiKi. 
Phyllophora  ntembranifoUa. 
Spennothamaion  Turaeri. 


Callithamnioii  corymbosutn. 
Dasya  elegans. 
Lithothamaion  polymorphiu 
Polyides  rotundus, 
Spyridia  filamentosa. 


In  small  quantities  were: 

Cladostephus  vertillatus. 
E>esmotrichiim  undulatum. 
Ectocarpus  confervoides. 
Sphacelaria  cirrhosa. 
Ahnfeldtia  plicata. 

Vineyard  Haven  proper  (stations  70,  71,  72,  and  7762)  presented  little  variety  in  its 
algal  life  but  considerable  quantities  of  certain  species.  Station  70  in  4  fathoms,  with  a 
bottom  of  stones  and  Crepidula  shells,  gave  much  Agardhiella  lenera,  Champia  patvula, 
Grinnellia  americana,  and  Lameniaria  uncinata;  in  small  quantities  were  Rhadinocladia. 
Farlowii  (on  Zoslera),  Antilhamnion  cruciatum,  Callithamnion  corymbosum,  Ceramium 
s  trie  turn,  Ceramium  tenuis  simum,  Hildenbrandia  prototypus,  Lithathaninion  polymor- 
phum,  and  Melobesia  LejoHsii.  Station  71,  with  a  bottom  of  clam  and  pecten  shells, 
stones,  and  mud,  in  3>^  fathoms,  gave  an  abundance  of  Sphacelaria  radicans,  Agardh- 
iella tenera,  Champia  parvula,  Grinnellia  americana,  Lomentaria  uncinata,  and  Phyllo- 
Phora  Brodicei.  Station  72,  stones  and  mud,  in  3  to  4  fathoms,  showed  large  quantities 
of  Calolhrix  conjervicola,  Sphacelaria  cirrhosa,  Agardhiella  tenera,  Champia  parvula, 
Lomentaria  uncinata,  Melobesia  Lejolisii,  and  Spermothamnion  Turneri,  and  a  few  plants 
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of  Enleromorpka  clalhrata,  Sphacetaria  radicans,  Grinnellia  americana,  and  Polysiphonia 
Harveyi.  Station  7762,  in  the  middle  of  Vineyard  Haven,  had  a  bottom  of  mud  and 
shells  in  3J^  to  4  fathoms;  there  was  an  abundance  of  Agardkiella  tenera,  Ckampia  par- 
vula,  Grinnellia  awericana,  Lomentaria  ■uncinala,  and  small  quantities  of  Dictyasiphon 
hippuroides,  Sargassum  FUipevdvla,  Phyllopkora  membranijolia,  Polysiphonia  elongata, 
Spermoihamnion  Tumeri,  and  Spyridia  jUamenlosa.  The  bottom  of  such  a  harbor  as 
Vineyard  Haven  always  receives  large  quantities  of  drifted  algte,  some  of  which  are  able 
to  vegetate  loosely  over  the  bottom;  conspicuous  among  these  are  Ckampia  parvula, 
Lomentaria  uncinata,  and  Spermoihamnion  Tumeri.  The  shallow  regions  support 
extensive  beds  of  Zostera  marina. 

Station  7761,  off  East  Chop  at  the  entrance  to  Vineyard  Haven,  with  a  bottom  of 
sand,  cinders,  and  shell  fragments  in  6  to  7  fathoms,  gave  much  Sargassum  FilipendtUa, 
Sphacelaria  cirrhosa,  Agardkiella  tenera,  Callitkamnion  roseum,  Ckampia  parmUa,  Lomen- 
taria uncinata,  Pkyllopkora  membranifolia,  and  Spermotkamnion  Tumeri;  in  small  quan- 
tities were  Ckordaria  flagellijormis,  Cladostephus  verticOlatus,  Diclyosipkon  kippuroides, 
Laminaria  Agardkii,  Chondrus  crispus,  Grifjithsia  Borrteliana,  Grinnellia  americana, 
Lithothamnion  polymorphum,  Pkyllopkora  Broduei,  Polyides  rotundus,  Polysiphonia 
nigrescens,  Rhodymenia  palmata,  and  Spyridia  filamenlosa. 

(9)    COVE    WEST  OP   CUTTYHUNK   NECK. 

A  cove  west  of  Cuttyhunk  Neck  (station  1 01 )  proved  to  be  one  of  the  most  interesting 
stations  in  Buzzards  Bay  because  of  the  abundance  of  Arthrodadia  villosa.  A  special 
trip  was  made  July  27,  1905,  on  the  Genevieve  of  the  Marine  Biological  Laboratory,  one 
week  after  this  station  was  discovered,  to  determine  more  precisely  the  habits  of  this 
interesting  alga.  Four  hauls  were  carried  across  the  entrance  of  the  cove  from  south- 
west to  northeast  in  4  to  5  fathoms.  The  bottom  was  sandy,  with  quantities  of  large 
clam  shells  {Venus  mercenaria),  mussel  shells,  and  pebbles,  to  which  the  Arthrocladia 
was  attached  in  great  abundance.  The  plants  were  very  large  and  in  full  fruit  and 
supplied  the  set  distributed  in  the  Phycotheca  Boreali -Americana,  fas.  D.  no.  xxx. 
Besides  the  Arthrocladia,  there  was  much  Desmarestia  actdeala,  Laminaria  Agardkii 
var.  vittata,  Cystoclonium  purpurascens  var.  cirrhosum,  Grinndlia  americana,  Pkyllo- 
pkora Brodicei,  and  Polysiphonia  elongata.  In  small  quantities  were  found  Ckorda  filum, 
Desmarestia  viridis,  Dictyosiphon  hippuroides,  Ectocarpus  sUicidosus,  Laminaria  Agardkii, 
Antithamnion  cruciatum,  Callithamnion  roseum,  Corallina  o^inalis,  Polyides  rotundas, 
and  Scinaia  furcellata. 

(10)   THE  MIDDLE  GROUND. 

The  shallow  stretch  in  Vineyard  Sound,  known  as  the  Middle  Ground  (stations  41, 
42,  and  43),  has  a  bottom  of  sand  and  broken  shells,  2  to  4^  fathoms  at  station  41, 
2H  to  6  fathoms  at  station  42,  and  2}4  to  5  fathoms  at  station  43.  There  was  no  evi- 
dence of  algal  life,  and  it  is  probably  quite  safe  to  say  that  no  algee  grow  on  these  banks 
of  shifting  sand  scoured  by  ttdal  currents. 
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It  is  a  very  difficult  matter  to  make  in  detail  a  satisfactory  comparison  of  tfie  algal 
flora  of  Woods  Hole  and  its  vicinity  with  those  of  other  coasts,  chiefly  for  the  reason 
that  the  life  conditions  are  so  diverse  in  different  sections  of  the  region  and  at  different 
seasons  that  there  are  in  reality  several  floras  to  be  considered.  These  have  been 
described  in  the  account  of  the  principal  formations  which  may  be  distinguished  (section 
u,  chapter  lu,  pages  468-475),  but  far  more  must  be  known  of  their  composition  and 
habits  at  other  seasons  of  the  year  than  the  summer  before  their  limits  can  be  defined 
with  exactness.  The  general  characteristics  of  the  summer  flora  of  the  warmer  waters 
of  the  region,  which  is  a  part  of  the  flora  of  Long  Island  Sound,  are  outlined  in  the 
introduction  to  section  11,  chapter  i,  pages  443  and  444, 

Comparative  studies  of  algal  floras  are  also  rendered  very  difficult  because  the  floras 
have  generally  been  described  more  with  regard  to  the  variety  and  number  of  species 
than  with  respect  to  the  quantities  of  the  doniinant  forms.  A  comparison  of  two  lists 
of  spedes  may  show  that  a  very  large  proportion,  perhaps  a  majority  of  the  forms,  are 
not  the  same,  and  yet  when  judged  quantitatively,  i.  e.,  by  the  total  mass  of  v^etation 
composed  of  spedes  common  to  both,  the  two  floras  might  be  considered  as  essentially 
similar.  We  have  examined  lists  of  spedes  published  by  surveys  or  f  ram  stations  on  the 
Scandanavian  coast,  the  Faroes,  Denmark,  Clyde  Sea  area,  Plymouth,  the  Irish  Sea, 
Naples,  etc.,  and  considered  the  possibility  of  drawing  up  comparative  tables  of  floras, 
but  we  must  confess  that  to  us  there  seemed  so  little  promise  of  satisfactory  results  that 
the  work  was  not  undertaken. 

In  connection  with  the  zoological  data  presented  in  section  i,  chapter  iii,  statistics 
were  tabulated  for  the  distribution  of  the  four  classes  of  algte  and  of  Zostera  marina 
as  determined  by  the  dredging  operations  in  Buzzards  Bay  and  Vineyard  Sound.  The 
results  of  that  tabulation  are  presented  below.  Of  especial  interest  are  the  statistics 
for  the  quantity  of  vegetation  over  three  types  of  bottom:  Division  A,  "sand,"  induding 
bottoms  recorded  as  pure  sand  or  sand  and  shells  (excluding  bottoms  containing  stones, 
gravd,  or  mud);  division  B,  "gravel  and  stones,"  including  records  which  list  dther  of 
these  ingredients  singly,  or  in  combination  with  one  another  or  with  sand  (excluding 
bottoms  containing  mud);  dividon  C,  "mud,"  including  bottoms  recorded  as  of  mud, 
muddy  sand,  or  sandy  mud  (excluding  bottoms  containing  gravel  or  stones,  but  induding 
those  in  which  shells  are  listed).  Finally  there  is  presented  a  table  which  lists  those 
spedes  that  were  of  such  general  distribution  as  to  occur  at  one-fourth  or  more  of  the 
total  number  of  stations,  at  one-fourth  or  more  of  the  stations  dredged  by  the  Fish 
Hawk  and  Phalarope  in  both  the  Bay  and  Sound,  and  at  one-fourth  of  the  stations  of  the 
three  types  of  bottom  designated  as  A,  B,  and  C.  These  tables  follow  in  the  order 
outlined  above, 
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AvSRAGB  NuubBb  op  Gbnbra  and  Spsciss  ov  Pi^nts  Takbn  pbr  Drbdob  Haul  at  the  Fish  Hawk 
Stations. 
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AvBRAGB  NuMBSR  OP  GSNSRA  AND  ^Bciss  OF  Plants  Taken  Upon  Bottous  of  "Gkavxl  a 
Stones,"  Division  B  (167  Stations). 
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CHART    OF 

VINEYARD   SOUND 

BUZZARDS    BAY 

DISTRIBUTION  OP  SPECIES 


NEW  BEDFORD®Vl 


Chakt  338. — Chietomorpha  melagonium  (Weber  &  Mohr)  KUtzing. 
Present  in  the  deeper  and  cooler  waters  off  exposed  points,  such  as  Gay  Head  and  Cuttyhunlc. 
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CHART   OF 

VINEYARD    SOUND 


BUZZARDS    BAY 
DISTRIBUTION  OF  SPECIES 


NEW   BEDFORD®! 


Chakt  93g.— Cladostephiis  verticillatus  (Lightfoot)  Agardh. 
A  scattered  distribution  thnnighout  Vineyard  Sound  in  fairly  deep  water. 
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CHART    OF 

VrNEYAHD    SOUND 


BUZZARDS    BAY 

SHOWINO 

DISTRIBUTION  OP  SPECIES 


NEW   BEDFORD®!  o' 


Chart  330. — Arthrocladia  villosa  (Hudson)  Duby. 

This  species,  formerly  considered  rather  rare,  is  widely  distributed  and  at  certain  stations  even 
plentiful. 
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CHART  or 

VINEYARD    SOUND 


BUZZARDS    BAY 
DISTRIBUTION  OF  SPECIES 


Chakt  331.— Desmarestia  aculeata  (LinnKus)  Lamouroux. 


This  large  species  is  almost  restricted  to  the  deeper  and  coaler  waters  of  the  lower  poitioti  of 
Buzzards  Bay  and  westerly  portbn  of  Vineyard  Sound. 
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CHART   OF 

VINEYARD   SOUND 


BUZZARDS    BAY 
DISTRIBUTION  OF  SPECIES         V^ 


N6W  BEDFORD®\  *' 


Chart  33a. — Desmarestia  viridis  (Flore  Danica)  Lamouroux. 

Presents  a  much  more  extended  range  than  Desmareslia  aculeala  (chart  331),   being  found  i 
warmer  regions  of  Vineyard  Sound  aa  well  as  in  the  cooler  waters. 
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CHART  or 

VINEYARD    SOUND 


BUZZARDS    BAY 
DISTRIBUTION  OF  SPECIES 


NEW  BEDFORD®) 


Chart  ajj. — Dictyouphon  hippuioides  (Lyngbye)  Atcschoug. 
A  scattered  distribudon  in  botb  Buzzards  Bay  and  Vineyard  Sound. 
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Chart  334. — Chorda filuiii(I,iiiiiEus)Stackhouse. 

This  species,  very  common  in  quiet  shallow  waters,  is  also  widely  distributed  in  tbe  deeper  waters 
of  both  Buzzards  Bay  and  Vineyard  Soimd. 
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VINEYARD    SOUND 
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DISTRIBUTION  OF  SPECIES 


NEW   BEDFORD®' 


Chart  235. — Laminaria  Agardhii  Kjellman. 

Widely  distributed  in  the  lower  purtion  of  Buzzards  Bay  and  throughout  Vineyard  Sound,  pre- 
ferring the  cooler  waters. 
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VINEYARD   SOUND 
BUZZARDS    BAY 

SHOWINO 

DISTRIBUTION  OF  SPECIES 


NEW   BEDFORD®' 


Cbart  »36. — Laminaria  Agardhii,  var.  vittata  Setchell. 

This  characteristic  fonn  of  the  species  (chart  335)  is  almost  restricted  to  the  cooler  waters  of  Uie 
lower  portion  of  Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound. 
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VINEYARD    SOUND 


BUZZARDS    BAY 
DISTRIBUTION  OP  SPECIES 


NEW   BEDFORIMi)\^ 


Chakt  337.— I,aiiiuuriadigitata(Lituueus)  Lamouroux. 
Local  distribution  limited  to  the  cooler  waters  off  exposed  points,  as  at  Gay  Head. 
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Chart  138.— Sargassum  Filipendula  Agardh. 

Abundant  and  almost  restricted  to  the  wanner  and  more  sheltered  regions  of  Buzzards  Bay  and 
Vineyard  Sound. 
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VINEYARD    SOUND 
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Chart  zjg. — Antith amnion  cntciatum  (Agardh)  NSgeli. 

Widely  distributed  in  both  Buzzards  Bay  and  Vineyard  Sound  over  stony  bottoms  that  support 
extensive  growths  of  Chondriu,  Phyllopkora,  and  Polyidti,  upon  wbich  it  is  a  cammcm  epiphyte. 
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CHART  OF 

VINEYARD    SOUND 
BUZZARDS    BAY 
DISTRIBUTION  OF  SPECIES     V^ 

NEW  BEDFORD®' 


nibrum  (Hudson)  Agardh. 


This  very  oommon  species  of  the  shallow  sublittoral  zone  is  also  abundant  and  widely  distributed 
n  the  deeper  waters. 
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CHART   OF 

VINEYARD    SOUND 


BUZZARDS    BAY 

SHOVKIMO 

DISTRIBUTION  OF  SPECIES 


NEW  BEDFORD®< 


Chart  241. — Griffithsia  Barrietiana  Farlow. 
Local  diatribution  almost  restricted  to  the  vaimer  waters  of  Buzzards  Bay  and  Vineyard  Sound. 


.Google 


BULLETIN  OP  THE  BUREAU  OP  FISHERIES. 
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Chart  242.— Griffith  si: 


Onlyfoundin  the  warm  and  sheltered  portions  of  Buzzards  Bay.  where  it  forms  large  patches  loosely 
attached  over  sandy  and  muddy  bottoms. 
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Chakt  343. — Plumaria  elegaas  ( Bonne maiaon)  Schmitz. 
I.OCaI  distribution  limited  to  the  cooler  waters  off  exposed  points,  as  at  Gay  Head  and  Cuttyhunk. 
iCaeg" — Bull.  31,  pt  i 33 
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Chart  344. — Spennoth amnion  Tumeii  (Mertens)  Areschoug. 


This  striking  epiphyte  is  widely  distributed  in  both  Buzzards  Bay  and  Vineyard  Sound  o 
that  support  growths  of  Chondrui,  Pkyllopkora,  and  Polyides. 
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Chart  345. — Spyridia  filamentosa  (Wulfen)  Harvey. 

Vi^dely  distributed  in  both  Buzzards  Bay  and  Vineyard  Sound,  but  preferring  the  wanner  waters 
of  the  more  sheltered  portions. 
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Chart  346, — Polysiphonta  elongata  (Hudson)  Harvey. 

Prefers  the  cooler  wateraof  the  lower  portion  of  Buzzards  Bay  and  the  westerly  portion  of  Vineyard 
Sound,  but  presents  a  somewhat  scattered  distribution. 
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Chart  347. — Polyupliania  nigrescens  (Dillwyn)  Greville. 

A  species  abundant  and  widely  ^stributed,  growing  on  stones  and  shells  frequently  over  muddy 
which  accounts  for  its  presence  in  the  middle  regions  of  Buiiards  Bay. 
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Chabt  348. — Rjlysipbonia  vanegata  (Agardh)  Zanardini. 
Restricted  to  the  warmer  watets  of  sheltered  regions  and  only  diedj^d  by  the  Survey  in  Buzzards 
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Chakt  a4g.^Ahiifeldtia  plicata  (Tunier)  Fries. 
Prefers  the  cooler  waters  ofF  exposed  points. 
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Chart  350. — Chondrus  crispus  (Linnsus)  Stackliause. 
Widely  distributed  over  sandy,  shelly,  and  stony  bottoms. 
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Chart  151.— Phyllophora  Brodixi  {Turner)  J.  Agardh. 


Very  generally  distributed  throughout  Buzzards  Bay  and  Vmeyard  Sound  but  most  abundant  in 


.Google 


BUI,I,BTIN  OF  THE  BUREAU  OF  PISHERIBS. 


CHAnT  or 

VINEYARD    SOUND 
BUZZARDS    BAY 

DISTRIBUTION  OP  SPECIES 


Chart  353. — Phyllophora  membranifolia  (Goodenough  &  Woodward)  J.  Agardh. 

As  widely  distributed  as  PkyUophora  Broduxi  (chart  351)  but  apparently  showing  a  preference  foe 
)te  sheltered  regions. 
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Chakt  353. — AgardhielU  tenera  (J.  Agardh)  Schmitz. 
A  very  common  and  widely  diatributed  species  which,  however,  prefen  warm  and  sheltered  wsten. 
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Chart  254. — Cystoclonium  piupurasceiis  (Hudson)  Kutzing. 
A  scatteied  distribution  in  both  Buzzards  Bay  and  Vineyard  Sound. 
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Chakt  355. — Cystoclonium  purpurascens  var.  ciirhosum  Harvey. 

This  form  of  the  species  (chart  354)  shon-a  a  marked  preference  for  the  cooler  waters  of  the  lower 
partkm  of  Buzzards  Bay  and  the  westerly  portion  of  Vineyard  Sound. 
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Chart  356. — Champiaparvula  (Agardh)  Harvey. 
One  of  the  most  widely  distributed  algst  of  the  region  but  prefeiring  warmer  and  sheltered  waters. 
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Cr&XT  357.— Lomentaria  rosea  (Harvey)  Thurct. 
Restricted  to  the  cooler  waters  off  tlie  exposed  points  of  Gay  Head  and  Cuttyhunk. 
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Chakt  358. — LamenUria  uncinata  Meneghiui. 

In  strikillg  contrast  to  Lomentaria  rosea  (chart  157)  this  species  is  almost  restricted  to  the  n 
sheltered  waXsrs  of  Buzzards  Bay  and  Vineyard  Sound,  where  it  is  widely  distributed. 


.Google 


BIOLOGICAL  SURVEY  OF  WOODS  HOLB  AND  VICINITY. 


VINEYARD    SOUND 

BUZZARDS    BAY 

DISTRIBUTION  OF  SPECIES 


Chart  359. — Rhodymenia  palmata  (Linnxus)  Greville. 

A  characteristic  species  of  the  cooler  wateis  of  the  lower  portion  of  Buzzards  Bay  aad  westerly  por- 
m  of  Vineyard  Sound. 

16369"— Bull.  31,  pt  I— 13 34 
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Chart  j6o. — Delesseria  sinuosa  (Goodenough  &  Woodward)  Lamouroux. 


A  striking  species  practically  restricted  to  the  lower  portion  of  Buzzards  Bay  and  westerly  portion 
of  Vineyard  Sound. 
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Chakt  96i. — Grinnellia  americana  (Agardh)  Barvey. 

This  species  is  almost  univcTsally  distributed  throughout  Buziards  Bay  and  Viseyard  Sound,  but 
prefers  the  warmer  and  more  sheltered  waters. 
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Chart  361. — Polyides  rotundus  (Gmelin)  Greville. 

Presents  a  scattered  distribution  in  Buzzards  Bay  and  Vineyard  Sound  over  sandy,  shelly,  1 

stony  bottoms. 
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Chart  363.— Corallbia  officinal  ia  Linneeus. 

As  dredged  by  the  Survej'  the  species  shows  a  marked  preference  (or  the  cooler  waters  off  exposed 
points,  as  at  Gay  Head  and  Cuttybunk. 
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CuAKT  364-— Hildenbranilk  prototypus  Nardo. 
A  scattered  distribution  in  both  Buzzards  Bay  and  Vineyard  Sound. 
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Chart  365. — Litbothaitmkm  polynurphum  (LimuEus)  Areschoug. 
Widely  distributed  in  both  Buzzards  Bay  and  Vineyard  Soiud. 
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Chart  366  — Zostera  marina  Linneeus. 

This  commoii  sperm atophyte  of  the  shallow  waters  presented  a  scattered  disttibution,  but  was 
unusually  abundant  off  Marthas  Vineyard. 
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Chart  267. — Distribution  of  algse 


All  the  rocks  were  perfectly  bare  above  low-water  mark  (the  dotted  line),  having  been  scraped 
clean  during  the  winter  by  floating  ice.  Algae  were  present  below  low  water  only  in  positions  where 
they  were  protected  from  contact  with  the  ice.  The  number  of  species  on  the  rocks  was  small  in  com- 
parison with  other  seasons  of  the  year,  and  limited  to  those  that  may  grow  at  some  depth. 

It  is  interesting  to  compare  the  rocks  above  low- water  mark,  now  entirely  bare,  with  the  conditions 
on  December  30,  two  and  one-half  months  previous  (chart  274),  for  at  that  date  the  locks  were  covered 
by  growths  of  Cladophota  lanosa  var.  unciatis  (11),  Phytlitis fascia  (24),  and  Scytosiplton  lomentattus  (26). 
The  first  zone  ot  alga  was  well  below  low  water  and  was  composed  of  Cera-mium  rvbrvm  (43),  and  Chon- 
drus  criipui  (49),  the  last  extending  into  deeper  water.  Somewhat  away  from  the  rocks  or  between 
them  were  groups  of  Laminaria  Agardkii  (33),  and  occasional  growths  of  PhylliUs  fascia  (14)  and  Scyto- 
tiphon  lomeniatius  (36)  were  present. 

List  of  species:  Ulva  Lactuca,  4,  few  on  CkondrMs;  Cladopkora  lanosa,  10;  Eclocarpus  siliculosus,  19, 
on  Scyldiiphon;  Phyliiiis fascia,  14,  few;  Scytosiphon  lommtarius,  26,  few;  Laminaria  Agardhii,  33,  groups 
in  deep  water;  Parphyra  laciniata.  37,  occasional;  Callilhamnion  Baileyi,  41,  on  Ceramium;  Ceramium 
rubrum,  43,  abundant;  Chondrus  ctispvs,  49,  abundant. 
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Chart  368. — Distribution  of  algz  on  Spindle  Rocks,  April  3: 


'90S- 


Rocks  still  very  bare  above  low-water  mark,  where  they  were  scraped  clean  during  the  winter  by 
floating  ice.  Cladophora  lanoia  var.  utuiaiii  (11)  formed  a  green  fringe  on  certain  rocks  near  low-water 
mark  (the  dotted  line),  with  the  brown  algK  PhytUUs fascia  (34)  and  Scytosiphon  lomentarius  (96)  begin- 
ning to  appear  lower  down;  this  rather  imperfect  brown  zone  was  composed  of  young  growth  and  was 
not  very  conspicuous  at  this  date.  Weil  below  low  water  were  growths  of  the  conspicuous  red  algte 
Poiysiphonia  utceolata  (47)  and  Chondms  crispus  (49). 

List  of  species:  Cladophora  lannsa  var,  unciaitt,  11,  very  abundant;  Ectocarpus  acidioides,  13,  00 
ulaltis,  15,  abundant  on  larger  algx;  Ectocarpus  tnialut,  17,  on  mussel 
3,  very  abundant  on  larger  algse;  Sorocarpus  maformis,  11,  on  mussel 
2,  mixed  with  Scytosiphon;  Desvuttrtcttam  undulatum,  3j.  mixed  with 
young  growth  on  rocks;  Scytosiphon  lovtenlarius,  36,  young  growth  on 
many  young  plants;  Chordaria  fiageUi/ormis,  38,  young  plants;  Chorda 


old  Laminaria;  Eclocarfiusfc 
shells;  Eciocarpas  penicitlaltu , 
shells;  Desmotrickum  ballicvm, 
Scytosiphon;  Phyllitis  fascia,  2, 
rocks;  Desmareslia  viridis, 


tomentosa,  33;  Laminaria  Agardhii,  ^y,  Acrochatium 
43;  Palysiphonia  urcealata,  47,  abundant;  Chondrui  c 


virgalulum,  39,  on  Ceramitim;  Ceramium  rubrunt, 
■ispus,  49,  abundant. 
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CbakT  169. — Distribution  of  algs  on  Spindle  Rocks,  May  11.  1905. 

The  rocks  at  this  date  presented  a  characteristic  atgal  flora  of  the  spring  at  its  full  devebpnent. 
There  was  not  much  change  in  the  species  since  April  23  (chart  a68),  but  a  large  increase  in  the  quantity 
of  vegetation.  Cladophora  latiosa  var.  unciatii  (11)  was  still  the  dominant  green  alga,  but  EntrromoTpha 
inlestinalii  (7)  had  begun  to  appear;  these  two  species  extended  the  green  zone  much  higher  up  on  the 
rocks  than  where  it  was  a  montli  previous  (chart  j68).  The  brown  lone  at  low-«-ater  mark  (the  dotted 
line)  and  just  below,  composed  chiefly  of  Eclocarpus  penicillatus  (18),  Phyllilu  faida  (34),  Seytasiphon 
lomtntarius  (j6),  and  Chordaria  fiagelliformis  (38),  was  also  broader  and  more  evident.  Polysiphonia 
urctolala  (47)  formed  a  conspicuous  red  lone  below  the  brown,  with  extenave  growths  of  Chondrus 
crispuj  (49)  extending  into  deeper  water. 

List  of  species:  EnUromorptia  inlestinalii,  7,  young  plants;  Cladophora  lanosa  var.  uneialis,  11, 
abundant;  EcUicatpusfascicuiatus,  15,  abundant  on  larger  algte;  Ectocarpus  penicillatus,  18,  abundanton 
larger  aigs;  Sorocarpui  m^ormis,  31.  few  on  mussel  shells;  DrstnotHchum  balticwn,  11,  few  mixed  with 
Scytoiiphon;  Deimotrichum  undvlatum,  33,  few  mixed  with  Scyioiiphon;  Pkyllitis  fascia,  34,  very  abun- 
dant; Punctaria  plantaginea,  7$,  few;  Scyioiiphon  lomeniarius,  36,  abundant;  Desmattstia  vitidis,  37, 
very  abundant;  Chordaria  fiagelliformis,  38,  much;  Chorda  tomentosa,  31,  abundant;  Laminaria  Agardhii, 
33;  Ceramium  tubrum,  43,  abundant;  Palyiiphonia  urceolata,  47,  abundant;  Polysiphonia  violaeea,  48, 
few;  Chondrtis  crispMs ,  49,  abundant. 
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Chart  370, — Distribtition  of  algje  on  Spindle  Rocks,  Jime  jg,  1905. 

The  character  of  the  vegetation  on  the  rocks  had  greatly  changed  from  that  of  May  a»  (chart  369), 
and  marked  the  beginning  of  the  characteristic  summer  fiora  and  the  end  of  the  spring  season.  A  green 
zone  on  the  upper  parts  of  the  rocks  was  composed  chiefly  ot  Ulofhriz  implexa  (3),  Ulva  Lacluca  var. 
rigida  (5),  and  Enleromorpha  inUilinalu  (7);  Clado/rlwra  lanosa  var.  vticialis,  formerly  so  abundant 
and  conspicuous,  had  entirely  disappeared.  The  bntn-n  zone  near  low-water  mark  (the  dotted  line) 
was  composed  almost  entirely  ot  Scytoj-i'^/iait  lomeniatius  (26),  and  Chordariafiagellifarmis  (a8);  Phytlitis 
/aj«o(24)wasonly  represented  by  a  few  old  plants,  and  Edocat pus  penicillatus 'haAAisa.pptaitd.  Poly- 
siphonia  urcealata,  so  plentiful  thjDUghout  tlie  spring,  was  no  longer  present,  but  Palysiphonia  violatxa 
(48)  was  abundant  and  with  Ccramium  rufirum  (43)  formed  a  frii^e  around  the  rocks  a  little  below  low- 
water  mark  with  Chondrus  ctispus  (49]  in  deeper  water.  Nemation  mulltfidum  (40)  had  begun  to  appear 
at  and  above  low-water  mark. 

List  of  algx:  Calatkrix  scopuhrum,  i,  in  small  patches;  Ulolkrix  implexa,  3,  covering  the  top  of 
III,  VI,  and  Pyramid  Rock;  UlnaLactuca  var.  rigida,  5,  abundant  young  growths;  Enleromorpha  inletlt- 
nalis,  7,  much;  Codiolum  gtegarium,  10,  abundant  on  barnacles;  Pkyllitis  fascia,  24,  few  old  plants; 
Punclaria pUmloginea,  35,  few;  Scylosipkon  lomentarius,  16,  abundant;  Chordariafiagellifomtis,  aS,  very 
nbimdant;  Chorda  filum,  31;  Zjimiitaria  ^IpardAii,  33,  scattered  plants;  LaminariaAgatdhiivai.vittata, 
34,  fmall  group;  Nemalion  mutiifidum,  40,  young  growth;  Ceramium  rubrum,  43,  few;  Polysiphonia 
violacea,  48.  abundant;  Chondrus  crispus,  49,  abundant. 
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Chart  271. — Distribution  of  algae  on  Spindle  Rocks,  July  7: 


"}°5- 


The  only  conspicuous  green  alga  was  Uha  Lacluca  var.  rigida  (5),  now  full  grown  and  forming  lar^ 
patches  on  some  of  the  rocks.  There  was  a  very  well-defined  brown  lone  just  below  low-water  mark 
(the  dotted  line)  composed  of  Ckordatia  fiagellifermis  (iS)  and  old  Scytosiphon  lomenlariia  (»6).  Ecio- 
carpus  coiifemoidei  {m)  was  plentiful  on  the  Chordaria  ajid  Scyloiiphon.  PAji/ifir/ojcia  had  disappeared. 
JVemottonmaWiJWwin(4o)fringedmostof  the  rocks  at  low-watermark,  and  below  was  a  characteristic  red 
zone  of  Polyjiphonia  violacea  (4S)  and  Ceramium  rubrum  (43)  mixed  with  the  Chotdaria,  and  with  Chon- 
drui  criiptu  (49)  abundant  from  1-5  feet  below  low  water. 

List  of  alga::  'Calothrix  icopulorvm,  i,  small  patches  on  barnacles  and  rocks;  Riviilaria  atra,  2,  on 
barnacles;  Ulothiix  impiexa,  3,  on  Pyramid  Rock;  Ulva  Lactuca  var.  rigida,  5,  abundant  on  tops  of 
rocks;  Enteromorpha  inteslinaiii,  7,  few  patches;  Cladophora  gracilii,  9,  few  tufts;  Codiolum  gregarium, 
IJ,  on  barnacles;  Eciocarpus  cor^enioide! ,  14,  abundant  on  Chordaria  and  ScyloHphon;  Scytoiipkon 
lomentariut,  26,  much  old  growth;  CherdatiaflagetUfotmis,  aS,  abundant;  Mesogtoia  divaricala.  ig,  few 
patches;  Chorda  filum,  31,  large  patches;  Laminaria  AgardhH,  33,  few  groups;  Fiicus  vestculosus,  35, 
fewplants;  JV*»Mj/ii)n»nu//ilftiii»l.  40,  abundant;  Cn'amrMniJuSrum,  43,  abundant;  Chondriadasypkylla, 
44,  few  plants;   Polysiphonia  violacea,  46,  3b\nidaM.:   CftoWriu  fru^iu,  49,  abundant. 
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